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Engineering  Soils  Map 
of 
Franklin  County,  Indiana 

Introduction 

The  engineering  soils  map  of  Franklin  County  was  completed 
using  primarily  aerial  photographic  interpretation  techniques. 
Aerial  photographs  were  investigated  s te reoscopi cally  by  proven 
observational  methods,  in  order  to  delineate  land  form  parent 
material  types  [1].  The  aerial  photographs  used  in  this  project 
were  taken  for  the  U.S.  Department  of  Agriculture  in  1940. 
These  photos  were  purchased  from  the  U.S.D.A.  and  were  printed  at 
an  approximate  scale  of  1:20,000  (3  inches  =  1  mile).  The 
engineering  soils  map  attached  was  prepared  at  a  scale  ratio  of 
1:63,360  (1  inch  =  1  mile). 


The  soil  boundaries  were  cross-referenced  with  the  Agricul- 
tural Soil  Survey  of  Franklin  County,  Indiana  [2,  3].  The 
engineering  soil  map  includes  landform  -  parent  material  associa- 
tions and  surface  soil  textural  symbols.  Locations  of  major  road 
routes,  lakes,  gravel  pits,  rock  quarries  and  borehole  data  are 
also  included  on  the  map.  All  symbols  on  the  map  are  standard- 
ized symbols  developed  by  the  staff  of  the  Airphoto  Interpreta- 
tion Laboratory,  School  of  Civil  Engineering,  Purdue  University, 
for  mapping  of  engineering  soils.  Shallow  soil  profiles  shown  on 
the  attached  map  represent  soil  horizons  on  the  different  parent 
material  types.   The  profiles  were  developed  using  data  collected 
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from  borehole  records,  agricultural  soil  characterization  data, 
and  soil  records  from  nearby  Decatur  County.  The  text  of  this 
report  contains  a  general  description  of  the  area,  a  description 
of  the  soil  and  parent  material  types,  and  a  discussion  of  possi- 
ble engineering  problems  associated  with  the  soil  and  bedrock  of 
the  county. 

DESCRIPTION  OF  THE  AREA 

GENERAL 

Franklin  County  is  located  in  southeastern  Indiana,  approxi- 
mately 65  miles  southeast  of  Indianapolis.  Franklin  County  is 
bounded  by  Fayette  and  Union  Counties  on  the  north,  Rush  and 
Decatur  Counties  on  the  west,  Ripley  and  Dearborn  Counties  on  the 
south,  and  by  Butler  and  Hamilton  Counties  of  the  state  of  Ohio 
on  the  east  side  (See  Figure  1).  Franklin  County  has  dimensions 
of  15  to  17.5  miles  in  the  north-south  direction  and  26  miles  in 
the  east-west  direction.  The  maximum  north-south  dimension  is  on 
the  western  side  of  the  county.  Franklin  County  covers  395 
square  miles  or  252,800  acres.  Brookville,  the  county  seat  and 
largest  city,  is  located  in  the  central  section  of  the  county. 

Franklin  County  was  founded  in  1811  before  Indiana  became  a 
state.  The  county  was  named  after  Benjamin  Franklin.  Settlement 
of  the  area  developed  shortly  after  the  Treaty  of  Greenville  in 
1795,  when  the  local  Indian  tribes  gave  up  claim  to  the  area. 


Population  trends  for  Franklin  County  from  the  1970  and  1980 
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Figure  1.    Location  Map  of  Franklin  County. 
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census  are  given  in  Table  1  [4].  The  population  of  Franklin 
county  in  1980  was  19,612,  showing  a  population  growth  of  15.74% 
since  1970.  Approximately  75%  of  the  population  lives  in  the 
rural  areas . 

Table  1.   Population  Summary  of  Franklin  County  [4]. 


Populat  ion 

Populat  i  on 

Change 

City 

1980 
Census 

1970 
Census 

Pop. 
Difference 

Pet  . 
Change 

Brookvi lie 

Cedar  Grove 

Laurel 

Mt.  Carmel 

Oldenburg 

Totals 

2,  874 
217 
819 
151 
770 

2,864 
248 
753 
128 
758 

10 
-31 
66 
23 
12 

0.  35% 

-12. 50% 

8.76% 

17  .  97% 

1.58% 

Cities  and  Towns 
Rural  Areas 
County  Total 

4,831 
14, 781 
19, 612 

4,  751 
12,  192 
16,943 

80 
2,  589 
2,  669 

1.  69% 

21 . 24% 
15. 75% 

Farming  provides  a  major  income  in  Franklin  County.  Other 
natural  resources  available  in  Franklin  County  include  mineable 
limestone  and  sand  and  gravel  aggregate. 


CLIMATE 


The  climate  of  Franklin  County  is  characterized  by  four  dis- 
tinct seasons.  The  summers  are  hot  with  high  humidity  and  the 
winters  are  cold  with  a  moderate  amount  of  snow.  Precipitation 
is  generally  evenly  distributed  among  the  months  of  the  year. 
The  clash  of  warm  tropical  air  from  the  south  with  cold  polar  air 
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from  the  north  produces  frequent  temperature  and  humidity  changes 
in  the  county. 

Statistical  data  of  temperature  and  precipitation  for  Frank- 
lin County  are  given  in  Table  2.  These  statistics  were  recorded 
at  Brookville,  Indiana  between  the  years  of  1934-1963  [5].  A 
more  complete  c 1 ima t o logi cal  summary  may  be  found  in  Appendix  A. 

The  average  daily  temperature  in  Franklin  County  is  52.4 
degrees  F.  The  warmest  month  of  the  year  is  generally  July,  with 
an  average  daily  temperature  of  74.4  degrees  F.  Approximately 
thirty-four  days  of  the  year  will  experience  a  maximum  tempera- 
ture exceeding  90  degrees  F.  January  is,  generally,  the  coldest 
month  of  the  year  with  an  average  daily  temperature  of  30.0 
degrees  F.  The  maximum  daily  temperature  will  not  reach  32 
degrees  F  approximately  twenty-two  days  a  year. 

The  average  yearly  precipitation  in  Franklin  County  is  38.49 
inches.  This  precipitation  comes  in  the  form  of  rain,  snow,  and 
sleet  throughout  the  year.  The  month  of  May,  on  the  average, 
receives  the  most  precipitation  with  4.19  inches.  The  least  pre- 
cipitation falls  in  October  with  2.35  inches.  Franklin  County 
expects  to  receive  approximately  15.3  inches  of  snow  accumulation 
each  year . 

Winds  in  Franklin  County  blow  most  frequently  from  the 
southwest.  During  one  or  two  months  of  the  winter,  the  winds 
blow  from  the  northwest.  Thunderstorms  occur  on  about  forty- 
eight   days   of   the  year,  usually  in  the  spring  and  early  summer 

[5]. 


m 


>> 

■u 
C 
3 

o 
u 

c 

■H 
H 

At 

a 
M 

O 


cd 


3 
en 

■u 
d 

■5 
u 


CO 
H 


< 

5 


O 
o 
as 

CD 

Z 

o 

E 


3  2 


tpuo^ 

....           4) 

C  SI    u     u     >.   c 

q  u   a   c  tg    3 
->  &.  z  <  X  -i 

>.       ■      4J         •        •         • 

— ■    oo  a  w    >    u 
3   3   <y   a   o   <u 
-3  <  v*  o  z  a 

M 

« 
>< 

>> 

~o 

M 
CD 
J3 

a 

3 

a 

9 

0 

2 

i> 
a 

a 

0 
E- 

d 
2 

MOjaq 
POT„0 

O    CN    CN    *      O    O    O 

c^ 

o  o  o  o  *    r*. 

nO 

Mojsq 

p^.ze 

O  !*■   ~T   — 1   ON  ~i   O 
fn   CM   (Nl   cn 

o  O  — «  P-  CO  *c 
—  r*t 

-CT 

9 

2 

Mojaq 
POTo2£ 

O  P*  u"*  cm   O  O  O 

O  O  o  o  -h  r* 

rsi 

SAoq^ 
P^.06 

o  o  o  o  o  rt  r. 

c-t 

rH    O   u-i   #      O    O 

■J" 

en 

3JOU3  IO 

tpm  or    diooij 

^  vj  ^  r*  r^  oo  ^ 

CT*   i^   *^  ^O   *0   -^ 

0 

J3 
O 

a 

a 

13 

0 

E- 

c 

0 
IB 

a 
'5 

0 
hi 

a. 

« 
o 

m 

0 

a 

I?3A 

+ 
rt  w  <r>  sO   <T 

t/1  n  tfl  ^1  ifl 
CT1    CJ*    C^    O*    CT* 

CT*   CO    f**1 

</>  <n  <r 

CT*   CT*   CT* 

c  *n 
<o  ct* 

Ajrep 
jsaieeig 

o  o  o  o 

O     •     •     •     *  H  O 

r>  O  *£  r*-  ,-h 

O  O  O  <J  <r>  v£) 

O  P*  *o 

o 
d 

IBaA 

1929 
1961 
1959 
1956  + 
1954 

CT*   CO   (N 

un  u-i  <r 
CT*  CT*  CT* 

•  rsi 
<J  'J 

0)   CT* 

a  - 

A(Tpuom 
mnmprej^ 

cn  O  O  O 
O      •      •      •      •   H    O 
m    i-l    CM    t>4    »-i 

-J  o  r"i 

O   O  O      •      •      • 

o  ct-  <r 

en 

apaj^j 

O   O   vH 

O     »     *     •  H  H  O 

m  -CT  en  r-i 

O   O  O  H       •      • 

■r-i  en 

u-* 

reaA 

CT*  u~i  r*.  r-  ,-i  r- 
<J  4  4  in^  -J 

en  O  *C  P*1    CO  *^ 
in  \C  C'  t**   r"i  ^j 
CT*  CT*  CT*  CT*    CT*  01* 

art 

ty    ct* 

A]rep  }se}eai0 

CO   'O   00   ("*•    <""t   CO 
O    O   f-"    Q1*   sO    O   iTI 

in  -j  co  co  "">  u^ 

n  ri^  ^  h  o 

co 

m    — i    (N    fN    *J    OJ 

n  r*.  4  in  n  cn 

<r 

nraj^ 

OS     (Jl      ifl      (^     (Ji      r-l 

r"*  en  en  \r\  ct*  O 
r»   r^.  oi   en  r^   u^ 

cr* 

nrsciric^ 

(^    (N    (**■    CN    (N    (N 

00 

•  * 

Xcp  34 

»6ap  nB9j\j 

O    CM    N     'fi     ^    H    (*l 

f*">    »J    O   *C    O   sO    C*. 

O  c*  r*  -J-  i-> 

^     O    -J     CT*    CO     -J 

co  cm  r*>  O 

r*  o  o 

O 

^? 
in 

o 
0 

M 

o 

a 

a 

o 

H 

CO 

a 

a 

eg 

a 

H 

w 

reaA 

en  ^h  r~i  o  r*  -J 

^    ^    4    -J    vD    "^ 
CT*  0*1  G*1  CT*  Q*   O"* 

+ 

r*  •>!  ot  f*M  co  O 
^    en   ^   j-i    u-i   sO 
CT*    CT*   CT*   CT*   CT*   CT* 

o     I— t 

C   sO 

«J   CT* 

ISSMOf 

piooay 

O   ""*■   cn  \0  CO   sO  r- 

n    (N    N        1      H    CN     (*1 
1         1 

u~i   o  i/^  lT*  r*  ^ 

<T    -J"    C*J    «-t      1    «■* 

i 

in 

cm 

IP3A 

+       +      + 

n    HCOCO    4    >J 
-CT  sO   -CT   -J  en   ~J 
CT*   C?*   O"1   CT*   CT*    CT* 

^£3      ^       -H      -H       O     ^ 

(~™i    t™^    i/"i    uT>     i/*l     tT* 

CT*    CT*    CT*   CT*   CT*    CT* 

>**0 

D    CT* 

piooay 

O    CT*    rsi    t*^   sT*   ^    >J 

f*l    r—    (~*    CO    CO    CT*   O 

CO     i^l     J    tN    ^    H 

O  C   C   O1*  ao   r- 

ao 

a 

a 

s 

2 

jtTOnoW 

O   "J   *D   CM   V   CT* 

<T    en   ^j   O   -J   CO 

<r 

fn   O  t***  O  «-<   — '  O 
en  eo   -«j  in  ^   r~* 

^  r*  iO  ^  ^  ■- 
r-   f*»  ^  U^   ^j   (~*i 

rsi 
in 

mnminitn 

fO  C  CT*  <"i   -h  i— i 

>J    hN    h   CO    ^ 

-J 

f^    O   «   CD   CO    CO   CD 
fg   (M    IN   n   4   \fi 

-i   O  -h  o  O   »H 
>D    X    ^    -J    f^N 

C 
-J 

tnnraixpra 

r-    <T   fN    O  C*   *D 

f"     i^     -     r-     O     O 

-J 

r*>   ct*  >J  tm  -J"  ~T   n 

ri  >j  u*1  >c  r^  co 

r-  ^O   — i  O  c**i  rsi 
CO    00    CO   F**    w"1    -CT 

-J 

sO 

q}UO^ 

*"■*■   •    •    •    ■         tu 

to    aj    <c    o.  ai    3 
>-j  U.  X  <  Z  n 

>.     «    u     •     •     • 

— ■    oo  a  w    >    cj 

D     3     4)     U     O     U 

n  <  vi  o  z  a 

It 

■a 


4>        — 

H        A 

3    » 


>i 


o 
A 
D> 

a 

M 

> 

< 


"J         n 
<       J 


in 
ts 

c 

(0 

X 


7  - 


DRAINAGE  FEATURES 

Figure  2  is  the  "Drainage  Map  of  Franklin  County,  Indiana" 
prepared  in  1947  by  the  Joint  Highway  Research  Project  at  Purdue 
University  [6].  Franklin  County  is  drained  by  portions  of  two 
watersheds  of  Indiana  as  illustrated  in  Figure  3  [7].  These  are 
the  Whitewater  River  watershed  and  the  Minor  Ohio  watershed. 

The  Whitewater  River  watershed  drains  in  excess  of  90  per- 
cent of  Franklin  County.  This  area  includes  all  of  the  county 
except  for  the  southwest  corner  and  a  small  section  on  the 
eastern  side.  The  general  trend  of  the  drainage  from  the  White- 
water watershed  is  towards  the  southeast.  In  Franklin  County, 
the  Whitewater  River  watershed  has  two  major  sections.  These  are 
the  West  and  East  forks. 

The  West  Fork  Whitewater  River  enters  Franklin  County  on  the 
north  side  approximately  6.5  miles  east  of  the  western  boundary 
near  Laurel  [8] .  After  flowing  south  for  about  five  miles,  it 
turns  eastward  and  joins  the  East  Fork  Whitewater  River  about 
one-half  mile  south  of  Brookville.  The  Whitewater  River  then 
flows  southeast  and  leaves  the  county  approximately  4.5  miles 
west  of  south  eastern  corner  of  the  county. 


West  Fork  Whitewater  River  has  several  major  tributaries  in 
Franklin  County.  Sein  Creek  flows  southeast,  draining  a  portion 
of  north-central  section  of  the  county  before  joining  West   Fork, 
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Figure  3.    Watersheds  of  Indiana  (7). 
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cs miles  south  of  Metamora.  Salt  Creek  and  its  tributaries, 
Little  Salt  Creek  and  Bull  Creek,  drain  the  western  side  of 
Franklin  County  before  joining  West  Fork  approximately  1.0  miles 
southwest  of  Metamora.  Piper  Creek  drains  a  part  of  the  south- 
central  section  of  the  county  before  joining  West  Fork  about  1.5 
miles  southeast  of  Metamora. 

East  Fork  Whitewater  River  originally  entered  Franklin 
County  north  of  Brookville  near  Old  Fairfield.  It  then  flowed 
south  and  joined  West  Fork  Whitewater  River  approximately  0.5 
miles  south  of  Brookville.  But  a  dam  across  the  valley  of  the 
East  Fork  approximately  one  mile  north  of  Brookville  has  created 
the  Brookville  Reservoir.  Tributaries  to  the  reservoir  include 
Templeton  Creek  on  the  east  side  and  Wolf  Creek  on  the  west  side. 
Below  Brookville,  the  two  major  tributaries  to  the  Whitewater 
River  are  Blue  Creek  and  Big  Cedar  Creek.  Blue  Creek  drains  a 
section  of  the  south-central  part  of  the  county  before  joining 
the  Whitewater  River  1.5  miles  south  of  Brookville.  Big  Cedar 
Creek  drains  part  of  the  east  section  of  the  county  before  join- 
ing the  Wh  itewater  River  at  Cedar  Grove.  A  section  of  the  Wh  i  t  e - 
water  Canal  is  still  intact  between  Laurel  and  Brookville. 


Several  distinct  drainage  patterns  may  be  identified  in 
Franklin  County.  In  areas  of  Wisconsinan  till  the  drainage  pat- 
tern are  dendritic.  Moraines  in  the  county  have  also  influenced 
the  drainage  patterns  of  some  streams.  Moranic  control  is  seen 
by  local  watershed  divides,  increased  drainage  density,  and 
deflection   of   streams  in  these  areas  [6].   Drainage  patterns  in 
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Illinoian  till  areas  are  characterized  by  a  very  highly  dissected 
dendritic  or  sub-parallel  pattern  [8].  Terraces  along  the  White- 
water River  system  lack  drainage  lines  due  to  the  highly  perme- 
able nature  of  the  underlying  granular  materials.  Most  streams 
are  underfit  to  their  valleys. 

Generally,  the  streams  in  Franklin  County  have  narrow  flood- 
plains  with  widths  less  than  300  feet.  The  valley  of  the  White- 
water River  and  its  two  forks  will  average  more  than  a  mile  in 
width.  Rock  cropouts  may  be  found  in  the  valley  walls  or  close 
to  the  surface  of  almost  all  of  the  streams  in  Franklin  County. 
This  is  especially  true  along  the  Whitewater  River  and  its  tribu- 
taries (refer  to  the  engineering  soils  map).  In  upland  streams, 
next  to  main  streams,  limestones  and  shales  have  produced  a 
minutely  dendritic  pattern  to  rectangular  pattern  [8].  Flowing 
over  alternating  resistant  and  non-resistant  rock  also  may  cause 
minor  stream  deflection.  The  deflection  of  the  West  Fork  White- 
water River  towards  the  southeast  is  probably  due  to  the  Laughrey 
Escarpment.  However,  deflections  of  major  tributaries  close  to 
junctions  with  major  rivers  also  may  be  partially  due  to  the 
presence  of  granular  terraces  [6]. 

There  are  no  natural  lakes  in  Franklin  County.  However, 
scattered  ponds  and  artificial  lakes  do  exist  throughout  the 
county  including  Brookville  Reservoir  (see  engineering  soils  map 
for  locations). 


Table  3  contains  drainage  densities  for  selected  streams   in 
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the   county.   The  table  includes  the  area  drained  in  square  miles 
and  also  the  number  of  streams  per  square  mile  [9]  . 

Appendix  B  contains  statistical  streamflow  data  for  the 
Whitewater  River  (at  Brookville,  Franklin  County  and  near  Alpine, 
Fayette  County)  and  for  East  Fork  Whitewater  River  (at  Brook- 
ville, Franklin  County).  The  data  includes  information  on  lowest 
and  highest  mean  discharge,  average  daily  discharge,  flow  dura- 
tion, and  statistics  on  normal  and  log  monthly,  log  annual  means, 
and  peak  annual  discharge  [10]. 

Appendix  C  contains  low  flow  characteristics  for  streams 
which  drain  Franklin  County.  The  streams  include  Whitewater 
River  (at  Brookville,  Franklin  County  and  at  Alpine,  Fayette 
County),  East  Fork  Whitewater  River  (at  Brookville,  Franklin 
County),  and  Salt  Creek  (near  Metamora,  Franklin  County)  [11]. 

PHYSIOGRAPHY 


Franklin  County  is  located  in  the  Dearborn  Upland  physio- 
graphic province  of  Indiana.  In  relation  to  the  physiographic 
provinces  of  the  United  States,  it  is  in  the  Till  Plains  section 
of  the  Central  Lowland  province  [12]. 

The  Dearborn  Upland  is  a  low  dissected  plateau  of  Late  Ordo- 
vician  limestones  and  shales  that  outcrop  along  the  crest  of  the 
Cincinnati  Arch.  The  rocks  are  overlain  by  generally  less  than 
50  feet  of  glacial  drift.  The  Dearborn  Upland  within  Franklin 
County  contain  part  of  the  Laughrey  Escarpment.   This  is  found  on 
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the  Western  side  of  the  county  and  provides  a  natural  drainage 
divide.  To  the  West  of  this  is  found  Silurian  age  limestones  and 
interbedded  shales  [13], 

The  glaciers  buried  most  of  the  bedrock  surfaces;  therefore, 
both  the  Illinoian  Till  Plain  and  the  Wisconsinan  Till  Plain  form 
the  physiographic  units  of  the  glacial  plain.  Figure  4  is  a  map 
of  Indiana  showing  physiographic  units  and  glacial  boundaries 
[12].  Figure  5  is  a  generalized  bedrock  geology  map  of  Indiana 
[14]. 

TOPOGRAPHY 


Franklin  County  has  a  surface  expression  of  a  highly  dissected 
glacial  plain.  Thus,  the  topography  of  Franklin  County  can  be 
characterized  as  ranging  from  gently  undulating  to  rugged  valley 
form.  Near  Blooming  Grove  is  the  maximum  elevation  in  the 
county,  standing  at  1040  feet  above  sea  level.  The  minimum  eleva- 
tion of  525  feet  above  sea  level  occurs  in  the  southeastern 
corner  of  the  county,  where  the  Whitewater  River  exits  the 
county.  Other  elevations  at  different  points  in  the  county 
include:  Brookville,  630  feet  above  sea  level;  Peoria,  999  feet 
above  sea  level;  Raymond,  1,008  feet  above  sea  level;  and  Bath, 
1012  feet  above  sea  level  [2],  The  maximum  relief  difference  is 
515  feet.  However,  maximum  local  relief  is  approximately  300 
feet.  This  is  found  in  the  valley  of  the  Whitewater  River  where 
the  difference  between  the  valley  floor  and  the  ridge  crests  show 
an  entrenchment  of  300  feet  near   the   central   sections   of   the 
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Figure  4.    Physiographic  Units  of  Indiana  (12). 
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Figure  5.    Bedrock  Geology  Map  of  Indiana  (14). 
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county   [2].    Figure   6   is  a  topographic  map  of  Franklin  County 
based  on  100  foot  contour  intervals  [15]. 

The  Illinoian  drift  sections  of  the  county  are  characterized 
as  nearly  flat.  The  Illinoian  is  the  oldest  exposed  glacial  depo- 
sits within  Franklin  County.  Thus,  these  deposits  are  severely 
weathered.  At  one  time,  the  Illinoian  surface  expression  was 
probably  very  much  like  the  Wisconsinan,  gently  rolling.  Over 
time,  the  erosion  process  has  leveled  the  Illinoian  deposits  off 
to  a  flat  surface  as  seen  today.  For  these  reasons,  the  Illi- 
noian posesses  a  heavily  dissected,  flat  topographic  expression. 

The  Wisconsinan  ground  moraine  sections  of  the  county  have  a 
topography  that  is  gently  undulating  to  rolling.  The  Wisconsinan 
sections  are  young.  Thus  time  and  erosional  processes  have  not 
had  the  time  to  level  off  its  surface  like  the  Illinoian  has  been 
leveled  off.  Local  elevation  differences  upon  the  ground  moraine 
are  between  5  to  20  feet.  Stream  dissection  is  not  as  intense  as 
in  the  Illinoian.  Stream  entrenchment  may  still  reach  40  feet 
below  the  ground  moraine  surface.  Both  the  Wisconsinan  and  the 
Illinoian  ground  moraines  may  be  found  at  the  summit  of  the 
bluffs  close  to  the  Whitewater  River. 


Wisconsinan  ridge  moraine  topography  in  Franklin  County  can 
be  characterized  as  rolling.  The  ridge  moraine  rises  20  to  30 
feet  above  the  surrounding  plain.  The  ridge  moraine  helps  to 
define  the  dividing  line  between  the  Wisconsinan  and  Illinoian 
ground  moraines. 
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Figure  6.    Topographic  Map  of  Franklin  County  (15). 
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There  are  other  interesting  topographic  features  in  Franklin 
County.  The  Whitewater  River  valley  cuts,  in  places,  about  300 
feet  below  the  surrounding  glacial  plains  and  cuts  the  county  in 
half.  The  outwash  terraces  of  the  Whitewater  valley  forms  a 
series  of  flat  "steps"  along  the  valley  walls.  There  is  about  a 
50  to  60  foot  difference  in  elevation  between  the  highest  and 
lowest  of  these  terraces.  Sand  dunes  in  the  county  cap  ridges 
and  terraces  in  scattered  locations.  And  finally,  interbedded 
limestones  and  shales  underlie  various  sections  of  the  county  at 
shallow  depths  influencing  geomorphology  and  topography. 

STRUCTURAL  GEOLOGY 

Franklin  County  lies  on  the  western  limb  of  a  geologic 
structural  feature  known  as  the  Cincinnati  Arch.  The  Cincinnati 
Arch  is  a  large  anticline  of  slightly  dipping  rocks.  The  rock 
systems  represented  in  the  Cincinnati  Arch  include,  by  increasing 
age,  the  Pennsy lvannian ,  the  Mis s i s s ippian  ,  the  Devonian,  the 
Silurian,  and  the  Ordovician  systems.  Franklin  County  contains 
rocks  of  the  Silurian  and  the  Ordovician  systems.  The  dip  of  the 
rocks  which  belong  to  these  two  systems  in  Franklin  County  is 
approximately  10-15  feet  per  mile  in  a  west-southwesterly  direc- 
tion. Figure  7  is  a  map  showing  the  relationship  and  location  of 
Franklin  County  in  reference  to  the  structural  geology  of  the 
Midwest. 

BEDROCK  GEOLOGY 

Franklin  County  contains  rock  units'from  portion  of  two  rock 
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Figure  7.  Structural  Setting  of  Indiana. 
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systems  [16].  These  rock  systems  are  the  Silurian  and  the  Ordovi- 
cian.  Erosion  of  preglacial  valleys  has  allowed  inte r f inge r ing  of 
the  rock.  units,  which  would  normally  lie  in  north-south  bands 
within  the  county. 

Table  4  is  a  st ra t igr aphi c  column  for  Franklin  County.  The 
column  shows  bedrock  units  and  glacial  deposits  which  underlie  or 
are  encountered  in  Franklin  County.  Anticipated  thickness  and  a 
characteristic  description  is  given  for  each  rock  unit  [17]. 
Figure  8  is  a  map  of  the  bedrock  geology  of  Franklin  County 
representing  the  areal  extent  of  the  Silurian  and  the  Ordovician 
groups  and  units  in  the  county  [18]. 


The  Silurian  system  in  Franklin  County  contains  three  units. 
These  are  the  Waldron  Shale,  the  Salamonie  Dolomite,  and  the 
Brassfield  Limestone.  All  of  the  units  of  the  Silurian  system  are 
found  on  the  western  edge  of  the  county  (  refer  to  Figure  9  ). 
The  Waldron  Shale  is  characterized  as  a  thinly  bedded,  very  fos- 
siliferious,  easily  eroded  shale  ranging  in  thickness  from  zero 
to  six  feet.  Below  the  Waldron  Shale  is  the  Salamonie  Dolomite 
with  its  two  members,  the  Laurel  Member  and  the  Osgood  Member. 
The  total  thickness  of  the  Salamonie  Dolomite  is  between  zero  to 
90  feet  [17].  The  Laurel  Member  is  characterized  as  a  dolomitic 
limestone,  which  is  thickly  bedded,  very  argillaceous,  and  con- 
tains abundant  chert.  The  Osgood  Member  is  a  highly  agrillaceous 
dolomite  or  limestone  having  an  increasing  shale  content  as  you 
move   southward.   The  older  Silurian  units,  the  Osgood  Member  and 


-  22  - 


Table  4.   Stratigraphic  Column  for  Franklin  County  (17) 


AGE 

_ 

FORMATION 

APPROXIMATE 

GENERAL 

NAME 

THICKNESS 

DESCRIPTION 

Waldron 

Shale,  blue-gray  and  clayey,  thin- 

Shale 

0-6' 

bedded;  very  fossiliferous  and 
easily  eroded. 

Dolomitic  limestone,  light-gray 

S 
I 
L 
U 
R 
I 
A 

Laurel 

to  tan;  fine-grained  and 

Member   .2  « 

argillaceous;  thick  bedded  with 

C  J-> 
O  -H 
£  E 
CO  O 

Osgood   ofl  o 

0-90* 

abundant  chert. 

Dolomite  or  Limestone,  tan  to 

Member   w  Q 

tan-gray,  highly  argillaceous; 

shale  content  increases  southward. 

N 

Limestone,  variable  white, yellow- 

Brassf ield 

brown  to  salmon-pink,  medium-  to 

Limestone 

0-10' 

coarse-textured,  and  fossiliferous 
;  some  dolomite  and  irregular 
shale  lenses. 

Whitewater 

Interbedded  calcareous  Shale  and 

0 
R 

Formation 

0-60' 

Limestone,  light-  to  dark-gray; 

thin-bedded. 

D 
0 

V 
I 

c 

Argillaceous  Limestone  and 

Dillsboro 

calcareous  Shale;  thin;  inter- 

Formation 

-300' 

bedded,  highly  fossiliferous, 

containing  about  70%  shale. 

I 

A 

N 

Kope 

Interbedded  Limestone  and 

Formation 

>200' 

calcareous  Shale,  thin-bedded, 

fossiliferous. 
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Figure  8.    Bedrock  Geology  Map  of  Franklin  County  (18). 


-  24  - 

the  Brassfield  formation,  are  protected  by  the  capping,  resistant 
Laurel  Member.  This  capping  allows  for  the  formation  of  a  low 
relief  plain  that  extends  southward  into  Kentucky  [17].  The  final 
unit  of  the  Silurian  system  in  Franklin  County  is  the  Brassfield 
Limestone.  The  Brassfield  Limestone  ranges  in  thickness  from  zero 
to  10  feet.  It  is  characterized  as  a  medium  to  coarse-textured 
limestone  containing  fossils  and  lenses  of  dolomite  and  shale. 
The  total  thickness  of  Silurian  units  in  Franklin  County  may  be 
as  much  as  110  feet  thick.  However,  due  to  erosion,  actual  thick- 
ness is  expected  to  be  much  less. 

The  Ordovician  system  in  Franklin  is  composed  of  three  for- 
mations. These  are  the  Whitewater  Formation,  the  Dillsboro  Forma- 
tion, and  the  Kope  Formation.  Rocks  of  Ordovician  Age  may  be 
found  close  to  the  surface  in  the  central  and  eastern  sections  of 
the  county  (refer  to  Figure  8).  Outcrops  of  Ordovician  rocks  may 
be  found  in  river  valleys  and  stream  cuts  where  the  rock  has  been 
exposed  by  erosion. 


The  youngest  Ordovician  formation  in  Franklin  County  is  the 
Whitewater  Formation.  The  Whitewater  Formation  is  described  as 
interbedded  limestones  and  shales,  thinly  bedded,  and  having  a 
thickness  ranging  from  0  to  60  feet.  Below  the  Whitewater  Forma- 
tion is  the  Dillsboro  Formation.  The  Dillsboro  Formation  is 
approximately  300  feet  thick  and  is  described  as  argillaceous 
limestones  and  shales,  which  are  thinly  bedded  and  highly  fossil- 
iferous.  The  final  Ordovician  formation  is  the  Kope  Formation. 
The  Kope  Formation  is  described   as   interbedded   limestones   and 
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shales,  which  are  thinly  bedded.  Its  thickness  in  Franklin  County 
is  less  than  300  feet. 

The  bedrock  topography  map  of  Franklin  County  is  presented 
in  Figure  9  [19].  The  elevation  of  the  bedrock  surface  ranges 
from  greater  than  900  feet  to  less  than  500  feet  within  the 
county. 

GLACIAL  GEOLOGY 

Glacial  activity  has  had  a  great  effect  upon  the  development 
of  the  soils  in  Franklin  County.  Approximately  80  percent  of  the 
county  is  covered  by  glacial  or  glacially-derived  deposits. 
Franklin  County  has  been  affected  by  three  of  the  four  recognized 
glacial  stages  of  North  America.  These  three  are  the  Kansan 
(oldest),  the  Illinoian,  and  the  Wisconsinan  glacial  stages 
(youngest).  The  distribution  of  the  unconsolidated  deposits  in 
Franklin  County  is  illustrated  in  Figure  10  [18].  This  figure 
shows  unconsolidated  glacial  deposits  and  also  younger  alluvial 
and  eolian  deposits  in  the  county.  The  reader  should  also  refer 
to  the  engineering  soils  map  for  distributions  of  glacial  depo- 
sits and  also  for  anticipated  soil  profiles. 

Kansan  ice  entered  Franklin  County  approximately  400,000 
years  ago  from  the  northeast.  The  ice  sheets  covered  the  entire 
county  and  filled  the  valleys  of  the  county  with  till.  Thus,  the 
entire  area  was  incorporated  into  a  vast  till  plain.  Deposits  of 
the  Kansan  glacial  stage  are  known  as   the   Jessup   Formation   of 
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Figure  9.       Bedrock  Topography  Map  of  Franklin  County.  (19) 
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Figure  10.    Unconsolidated  Deposits  Map  of  Franklin  County  (18). 
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Indiana  [20]. 

Upon  the  retreat  of  the  Kansan  ice  approximately  200,000 
years  ago,  the  county  experienced  an  interglacial  period  which 
lasted  about  75,000  years.  This  interglacial  period  was  known  as 
the  Yarmouth  interglacial.  The  period  was  marked  by  an  intense 
period  of  erosion  during  which,  generally,  all  of  the  Kansan 
deposits  were  eroded  away.  There  is  a  possibility  that  in  some 
locations,  borings  may  show  the  presence  of  a  pre -111 inoian 
paleosoil  [17],  In  addition,  the  deeply  buried  valley  of  the 
Whitewater  River,  which  is  pre-Kansan  in  age,  probably  contains 
Kansan-age  deposits.  The  average  thickness  of  Kansan  deposits  in 
this  section  of  the  Midwest  are  on  the  order  of  fifteen  feet 
thick  [20].  But  today,  the  likelyhood  of  encountering  Kansan-age 
deposits  of  any  significant  areal  extent  in  Franklin  County  is 
slight. 


At  the  close  of  the  Yarmouth  interglacial,  approximately 
125,000  years  ago,  another  glacial  advance  occurred  from  the 
northeast.  This  advance  is  known  as  the  Illinoian  glacial  stage 
and  lasted  approximately  25,000  years.  Like  the  Kansan,  the  Illi- 
noian ice  covered  the  entire  county  with  glacial  materials.  These 
materials  filled  in  valleys  and  generally  smoothed  out  the 
landscape.  Materials  left  by  the  Illinoian  ice  are  the  upper  sec- 
tion of  the  Jessup  Formation  in  Indiana.  Within  the  Illinoian 
till,  evidence  of  at  least  two  fluctuations  of  the  ice  may  be 
seen  at  some  localities.  At  these  localities,  thin  layers  of 
paleosoil  are  found  within  the  till  as  evidence  of   the   advances 
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and  retreats  of  the  ice. 

The  Illinoian  ice  withdrew  about  100,000  years  ago  giving 
way  to  the  Sangamon  int e rglacial .  Like  the  Yarmouth,  the  San- 
gamon was  a  time  of  intense  erosion  and  weathering  of  the  young, 
unconsolidated  Illinoian  drift.  The  paleosol  developed  during 
this  interglacial  period  ranges  in  thickness  from  two  to  four 
feet. 

Today,  the  Illinoian  can  be  observed  as  a  surface  parent 
material  in  the  western  and  central  section  of  Franklin  County. 
The  rest  of  the  Illinoian  materials  deposited  in  Franklin  County 
have  been  covered  by  the  younger  Wisconsinan  materials  and  more 
recent  alluvial  materials.  The  total  thickness  of  the  Illinoian 
and  pre-Il 1 inoian  deposits  is  on  the  average  less  than  25  feet 
thick  [17] .  Figure  11  is  a  drift  thickness  map  for  Franklin 
County  [21].  In  general,  Franklin  County  has  a  drift  thickness  of 
less  than  50  feet,  except  in  some  areas  were  the  total  thickness 
may  reach  150  feet  (  i.e.  in  the  Whitewater  River  valley). 


The  Wisconsinan  glacial  stage  was  the  final  and  youngest 
glacial  stage  to  affect  Franklin  County.  Approximatu  1-y  6  5  ,  0  0  0 
years  ago,  Wisconsinan  ice  sheets  came  from  the  northeast  and 
covered  approximately  45  percent  of  the  county.  Figure  12  shows 
the  relationships  of  the  Wisconsinan  ice  sheets  that  covered 
Indiana  [22].  The  ice  lobe  which  affected  Franklin  County  was  the 
lobe  that  came  from  the  Lake  Ontario-Erie  region.  This  lobe  was 
split   into  two  sublobes,  named  for  the  predominate  drainage  sys- 
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Figure  11.    Drift  Thickness  Map  of  Franklin  County  (21). 
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Figure  12.    Relationship  of  Wisconsinan  Ice  Lobes  of  Indiana  (22) 
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terns  that  they  affected,  the  East  White  and  the  Miami.  There  are 
indications  that  the  active  edge  of  the  ice  lobes  fluctuated  at 
least  twice  in  Indiana.  The  terminus  of  the  farthest  advance  of 
the  East  White  sublobe  is  marked  by  a  portion  of  the  Shelbyville 
moraine  located  in  the  northwest  corner  of  the  county.  The  ter- 
minus of  the  farthest  advance  of  the  Miami  sublobe  is  marked  by  a 
portion  of  the  Hartwell  moraine.  This  moraine  is  located  in  the 
central  and  southeastern  section  of  the  county  and  has  the  shape 
of  a  band  across  the  county.  Figure  13  is  a  map  showing  glacial 
deposits  and  their  areal  relationships  in  central  Indiana  [22]. 

As  the  Wisconsinan  ice  retreated,  large  amounts  of  sediment 
carrying  meltwaters  flowed  through  the  rivers  and  streams  of 
Franklin  County.  The  Whitewater  River  was  a  very  important  con- 
duit or  sluiceway  of  meltwaters  during  the  retreat  of  the  ice. 
Terrace  and  plains  of  glacial  outwash  materials  were  built  along 
these  meltwater  carrying  waterways  [24],  The  streams  in  the 
county  which  were  affected  by  the  meltwaters  today  are  underfit 
to  their  floodplains.  The  thickness  of  materials  left  behind  by 
the  retreating  and  melting  glaciers  are  generally  30  feet  or  less 
in  thickness  . 


During  the  retreat  of  the  ice,  strong  unchecked  winds  picked 
up  silt  and  sand  particles  out  of  the  floodplains  and  deposited 
them  as  loess  and  sand  dunes  in  scattered  regions  of  the  county. 
Overall,  the  depth  of  loess  deposition  is  less  than  two  to  three 
feet  in  the  county.  As  with  the  Yarmouth  int e rglaci al  ,  and  the 
Sangamon   interglacial   the   recent   period  since  glaciation  is  a 
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time  of  erosion  of  the  Wisconsinan  glacial  drift 
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LANDFORMS  AND  ENGINEERING  SOILS  AREAS 

GLACIAL  LANDFORMS 

Glacial  landforms  make  up  approximately  80  percent  of  the 
parent  materials  of  Franklin  County.  The  types  of  glacial  parent 
materials  mapped  in  Franklin  County  are  Wisconsinan  ground 
moraine,  Wisconsinan  ridge  moraine,  Illinoian  ground  moraine,  and 
thin  Illinoian  ground  moraine  over  limestone  and  shale. 

Wiscons  inan  Ground  Moraine 

Areas  mapped  as  Wisconsinan  ground  moraine  occupy  approxi- 
mately 20  percent  of  the  county.  They  are  found  on  the  eastern 
side  of  the  county,  east  of  the  Brookville  Reservoir  and  Whitewa- 
ter River.  On  the  aerial  photography,  the  ground  moraine  depicts 
the  typical  light-dark  mottled  patterns  [25].  The  ground  moraine 
forms  an  extensive  plain  with  a  gently  undulating  surface  having 
a  local  relief  of  about  10  feet.  In  dissected  stream  valleys, 
local  relief  may  exceed  15  feet.  Loess  cover  ranges  from  zero  to 
five  feet,  but  is  generally  less  than  two  feet.  The  greater 
thickness  of  loess  is  found  closest  to  the  Whitewater  River. 
Gullies  developed  on  the  ground  moraine  are  mostly  of  the  broad 
saucer  type  indicating  silty  clays  and  silty  loams  common  with 
thin  loess  cover. 


Generalized  soil  profiles  for  the  Wisconsinan  ground  moraine 
and  the  other  parent  material  types  may  be  found  on  the  left  side 
of  the  engineering  soils  map  of  Franklin  County.   These   profiles 
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were  produced  using  available  agricultural  and  borehole  data. 
The  soil  profiles  show  expected  variations  in  the  parent  material 
down  to  a  depth  of  about  12  feet. 

The  soil  profiles  for  the  Wisconsinan  ground  moraine  in 
Franklin  County  were  divided  into  two  categories.  These  are  high 
ground  moraine  and  low  ground  moraines  representing  generalized 
subsoil  conditions  in  the  rises  and  in  the  basins  of  the  Wiscon- 
sinan ground  moraine  surface.  Surface  soils  are  generally  silty 
loams  (A-4,A-6)  down  to  10  to  14  inches.  The  low  ground  moraine 
contains  more  organic  material  up  to  eight  percent.  Subsoils  are 
silty  clay  loam  (A-6,A-7)  or  clay  loam  (A-6)  down  to  42  inches  in 
the  high  ground  moraine  and  down  to  56  inches  in  the  low  ground 
moraine.  The  underlying  material  is  loam  (A-4,A-6)  with  trace 
amounts  of  sand  and  gravel  throughout.  Clay  contents  are  greater 
in  the  low  ground  moraines  than  the  high  ground  moraines 
throughout  their  depths. 


The  agricultural  soil  series  which  form  in  Wisconsinan 
ground  moraine  in  Franklin  County  are:  Cyclone,  Fincastle, 
Hennepin,  Miami,  Russell,  Sidell,  Williamstown  and  Xenia.  Appen- 
dix D  contains  soil  borings  at  various  locations  in  Franklin 
County.  The  borings  are  numbered  and  may  be  found  on  the 
engineering  soils  map  of  Franklin  County. 

Wisconsinan  ground  moraine  like  all  glacial  drift  can  be 
quite  variable  in  composition.  The  ground  moraine  generally  pro- 
vides proper  foundation  bearing  capacity   for   structures.    When 


-  37  - 

softer  or  weathered  soils  are  encounted,  undercutting  and 
replacement  of  these  soils  may  be  required.  Natural  water  con- 
tents for  Wisconsinan  ground  moraine  generally  ranges  from  6  to 
15  percent.  These  soils  in  their  unweathered  state  are  typically 
slightly  to  highly  ove r consolidat ed  and  exhibit  higher  strength 
under  load.  Finally,  due  to  the  generally  low  permeability  of 
the  Wisconsinan  ground  moraine,  dewatering  of  excavations  usually 
is  not  significant. 

Wiscons  inan  Ridge  Moraine 

Wisconsinan  ridge  moraine  occupies  approximately  20  percent 
of  Franklin  County.  The  ridge  moraine  was  mapped  in  two  dif- 
ferent sections  of  the  county.  The  first  section  is  in  the 
northwest  corner  of  the  county  and  is  commonly  referred  to  as 
part  of  the  Shelbyville  moraine.  The  second  section  runs  in  a 
band  from  the  west  side  of  the  Brookville  Reservoir,  towards  the 
southeast  corner  of  the  county.  It  crosses  the  Whitewater  River 
south  of  Brookville  and  continues  on  the  east  side  of  the  river 
out  of  the  county  to  the  south.  This  section  of  ridge  moraine  is 
part  of  the  Hartwell  moraine.  The  rolling  topography  helps 
define  the  boundary  between  Wisconsinan  and  Illinoian  glacial 
deposits.  Ridge  moraines  in  Franklin  County  rise  as  much  as  35 
feet  above  the  surrounding  topography. 


On  the  aerial  photography,  the  ridge  moraine  showed  a  highly 
mottled  tone.  Drainage  in  the  ridge  moraine  areas  is  dendritic 
with  s aucer -shaped  gullies.   Loess  cover  is  generally   less   than 
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two  f ee t . 

The  soil  profile  in  the  ridge  moraine  area  is  very  similar 
to  the  Wisconsinan  ground  moraine.  The  surface  soils  are  silty 
loams  (A-4,A-6)  down  to  8-10  inches.  Subsoils  are  silty  clay 
loams  (A-6,A-7)  or  clay  loam  (A-6)  down  to  36  inches.  Below  this 
is  loam  (A-4,A-6)  with  scattered  seams  of  sand  and  gravel.  Soil 
boring  information  was  obtained  at  points  4,  5,  6,  and  13  as 
shown  on  the  map  and  data  reported  in  Appendix  D  with  reference 
to  each  boring  number. 

Agricultural  soil  series  which  form  in  ridge  moraine  in 
Franklin  County  are:  Cyclone,  Finecastle,  Miami,  Russel,  Sidell, 
Will i ams town ,  and  Xenia. 

Engineering  characteristics  of  ridge  moraine  are  similar  to 
ground  moraine.  Cut  and  fill  sections  with  more  variable 
subgrade  conditions  occur  more  frequently  than  on  the  ground 
moraine.  Natural  slopes  tend  to  be  steeper.  Seepage  from 
perched  water  tables  may  increase  erosion  in  cut  sections. 

Illinoian  Ground  Moraine 


Illinoian  ground  moraine  covers  approximately  20%  of  Frank- 
lin County.  It  is  found  in  the  western  and  central  sections  of 
the  county.  In  the  Wisconsinan  areas,  the  Illinoian  is  buried 
under  the  younger  glacial  deposits.  The  topography  of  the  Illi- 
noian is  characterized  as  nearly  flat  and  heavily  dissected. 
Numerous   gullies   cut   the  Illinoian  drift  contrasting  it  to  the 
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Wisconsinan  which  has  limited  dissection.  The  weathered  profile 
of  the  Illinoian  may  go  as  deep  as  15  feet  in  the  flatter  areas 
of  the  ground  moraine. 

On  aerial  photography,  the  Illinoian  ground  moraine  appears 
as  a  generally  flat  area  with  dark  photo  tones.  The  gullies  are 
dark-centered  and  have  a  characteristic  white  fringe  about  them 
[25].  Gullies  are  usually  of  the  deep  saucer  type.  Loess  cover 
ranges  from  2  to  4  feet. 

The  surface  soils  of  the  Illinoian  ground  moraine  are  silty 
loams  (A-4,A-6)  down  to  2  to  4  feet.  Subsurface  soils  include 
silty  loams  grading  into  unweathered  loams  (A-4,A-6),  silt  loams, 
and  clayey  silt  loams  (A-4,A-6).  Agricultural  soil  series  which 
form  in  Illinoian  ground  moraine  in  Franklin  County  include: 
Avonburg,  Bonnell,  Cincinnati,  and  Rossmoyne. 

Engineering  properties  of  the  Illinoian  ground  moraine  are 
similar  to  the  Wisconsinan.  The  strength  of  the  Illinoian  ground 
moraine  will  vary  with  depth.  The  weathered  section  will  be  soft 
to  medium  stiff.  Below  in  the  unweathered  section,  the  Illinoian 
is  medium  stiff  to  hard.  The  Illinoian  profile  is  expected  to  be 
ove r consol idat ed  like  the  Wisconsinan  glacial  landforms. 

Thin  Illinoian  Ground  Moraine  over  Limestone  and  Shales 


Thin  Illinoian  ground  moraine  over  limestone  and  shales 
occupy  approximately  20  percent  of  the  county.  These  areas  are 
found  in  eroded  and  dissected  gullies   and   stream   cuts   of   the 
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western   and   central   sections   of   the   county.   The  underlying 
bedrock  is  Silurian-  and  Ordo vi cian-age  limestone  and  shales. 

Surface  soils  in  this  thin  ground  moraine  are  silty  loams 
(A-4,  A-6)  and  loams  up  to  two  feet  thick.  Loess  cover  ranges 
from  0  to  2  feet  in  thickness.  Underlying  soils  include  clay 
loams  (A-6),  silty  clay  loams  (A-4, A-6),  and  silty  loams  (A-4,A- 
6)  down  to  as  much  as  12  feet.  Interbedded  limestone  and  shales 
are  generally  encountered  within  3  to  12  feet  of  the  surface. 

Agricultural  soil  series  which  form  over  thin  Illinoian 
ground  moraine  over  limestone  and  shale  include:  Avonburg ,  Bon- 
nell,  Cincinnati,  and  Rossmoyne. 

Engineering  properties  of  the  thin  Illinoian  are  similar  to 
the  Illinoian  ground  moraine.  The  underlying  bedrock  is  com- 
petent with  a  weathered  surface  that  extends  down  about  2  to  3 
feet  into  the  rock.  The  limestone  rock  is  generally  not  solution 
susceptible.  Weathering  of  the  thin  Illinoian  is  expected  to 
extend  down  to  the  bedrock  surface  except  where  the  bedrock 
exceeds  a  depth  of  15  feet  below  the  surface. 

EOLIAN  LANDFORMS 


Loess  Plain 

Loess  covers  most  of  Franklin  County  except  for  steep  eroded 
slopes  and  recent  alluvial  deposits.  However,  the  loess  is  not 
thick  enough  to  be  mapped  as  a  distinct  parent  material  type. 
The   average   thickness   of  the  loess  cover  in  Franklin  County  is 
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approximately  2.5  feet.  Loess  cover  upon  the  Wisconsinan  age 
drift  averages  less  than  two  feet.  Given  the  rolling  nature  of 
the  Wisconsinan  moraines,  this  loess  cover  may  vary  from  five 
inches  to  as  much  as  60  inches  in  some  areas.  Older  outwash  ter- 
races close  to  the  Whitewater  River  have  2  to  3  feet  of  loess. 
The  Illinoian  ground  moraine  has  2  to  4  feet  of  loess. 

Loess  soils  are  generally  silt  loams,  clay  loams,  or  silty 
clay  loam.  They  are  classified  as  ML,  ML-CL  or  CL  by  the  unified 
system.  In  there  unweathered  state,  they  generally  show  a  non- 
cohesive  nature  and  have  a  high  porosity  and  permeability.  Upon 
wetting,  loess  soils  can  be  susceptible  to  a  variety  of  problems. 
These  problems  include:  collapse  due  to  settlement  or  bearing 
capacity  failure  when  the  cementing  in  the  loess  breaks  down; 
frost  heave  of  the  silt,  which  is  very  frost-susceptible ;  piping 
in  excavations;  and  pumping.  Since  the  loess  is  generally  thin, 
however,  if  problems  of  these  types  are  anticipated,  removal  of 
the  loess  should  be  considered. 

Sand  with  Incipient  Dune  Deve lopment 


Sand  dunes  and  wind-blown  sand  deposits  have  developed  at 
scattered  locations  within  Franklin  County.  The  two  primary 
areas  of  sand  development  are  near  Laurel  and  Brookville.  Near 
Larrel  sand  is  found  on  both  the  east  and  west  sides  of  the  west 
Fork  Whitewater  River.  Southeast  of  Brookville,  windblown  sand 
is  found  along  the  bluffs  of  the  Whitewater  valley.  Other  dunes 
may  be  found  scattered  close  to  the  Whitewater  River  valley.    At 
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the   present   time   in   the   county,  active  eolian  deposition  and 
development  are  minimal. 

The  sand  dunes  of  Franklin  County  rest  upon  outwash  terraces 
and  glacial  drift.  Overall,  the  dune  development  is  of  a  low 
magnitude.  In  areas  mapped  as  sand  dunes,  the  thickness  of  sand 
ranges  from  5  to  15  feet.  Dunes  on  outwash  terraces  generally 
show  the  greater  thicknesses  of  sand  and  largest  number  of  dunes. 
The  dunes  that  have  developed  on  glacial  areas  rest  on  the  first 
ridges  of  glacial  tills  adjacent  to  the  valleys.  These  glacial 
tills  are  of  both  Wisconsinan  and  Illinoian  age  and  rest  upon  the 
bluffs  of  the  Whitewater  River.  Stratigraphic  contacts  between 
the  sand  and  the  underlying  parent  material  is  expected  to  be 
sharp  in  glacial  areas  and  gradational  in  terrace  areas. 

The  predominate  parent  material  of  sand  dunes  is  windblown 
sand.  It  is  possible  to  have  silt,  however,  as  part  of  the 
parent  material.  The  surface  soil  in  sand  dune  areas  is  a  sandy 
loam  (A-4,A-6)  down  to  24  inches.  Subsoils  have  a  slightly 
higher  clay  content  due  to  weathering  and  may  be  sandy  clay  loams 
(A-6),  sandy  loams  (A-4.A-6),  or  sand  (A-3)  down  to  about  42 
inches.  The  subsurface  soils  are  sand  (A-3)  or  sandy  loam,  which 
grade  into  sandy  loams  or  gravelly  sands  of  terraces  or  a  silty 
loams,  silty  clay  loams,  or  clay  loams  of  glacial  tills. 


The  sand  in  dunes  and  other  windblown  deposits  are  loose  and 
noncohesive.  Since  they  are  of  a  generally  uniform  size  or  gra- 
dation, compaction  of  these  soils  may  be  difficult.   In  addition, 
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given   their   uniform  gradation,  the  porosity  and  permeability  of 
these  deposits  are  high. 

The  agricultural  soil  series  which  forms  on  sand  dunes  in 
Franklin  County  is  the  Princeton  series. 

BEDROCK  LANDFORMS 

Interbedded  Limes  tones  and  Shale  s  Along  Valley  Walls  and  Benches 

Interbedded  limestones  and  shales  of  Ordovician,  and  to  a 
lesser  extent  Silurian,  occupy  a  total  of  about  12  percent  of  the 
area  of  the  county.  This  landform  type  is  found  adjacent  to 
rivers,  streams,  and  small  drainageways  on  sloping  to  very  steep 
areas  of  valley  walls  and  benches.  These  sloping  to  very  steep 
areas,  generally  experience  or  have  experienced  intense  erosion; 
thus,  bedrock  is  at  a  very  shallow  depth.  The  depth  to  bedrock  is 
usually  less  than  25  inches  [2].  In  sections  of  the  valley  wall 
of  the  VJhitewater  River,  the  bedrock  outcrops  on  the  steep 
slopes  . 


The  residual  soils  that  may  form  over  these  interbedded 
rocks  are  poorly  developed.  The  surface  may  be  rock  or  may  be  a 
surface  soil.  These  surface  soils  are  generally  silty  loams  (A- 
4,A-6),  silty  clay  loams  (A-6,A-7),  or  clay  loams  (A-7).  Underly- 
ing soils  are  usually  very  plastic  clay  loams.  Loess  cover 
ranges  from  zero  to  two  feet.  The  clayey  soils  are  usually  the 
result  of  the  weathering  of  the  bedrock.    The   silty   soils   may 
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result  from  loess  and  potentially  from  weathering  of  the  bedrock. 
The  agricultural  soil  series  which  form  on  the  interbedded  lime- 
stones and  shales  in  Franklin  County  include  Carmel,  Eden,  and 
Winn  . 

Profile  borings  were  made  in  this  region  as  indicated  by 
numbers  11,  12,  14,  15  and  16  on  the  map.  In  Appendix  D,  under 
these  same  numbers,  specific  data  are  reported  for  each  site. 

The  limestone  rock  generally  is  competent  and  susceptible  to 
solutioning.  The  shale,  however,  weathers  easier.  Slope  failure 
may  occur  with  sliding  of  the  rock.  This  will  be  discussed 
further  in  the  engineering  problems  section. 

GLACIO-FLUVIAL  LANDFORMS 

Terraces 


Areas  mapped  as  terraces  in  Franklin  County  are  found  at 
numerous  locations  within  the  Whitewater  River  valley  and  its 
major  tributaries.  Outwash  terraces  and  river  terraces  were 
lumped  together  and  mapped  as  terraces.  Glacio-f luvial  terraces 
are  outwash  terraces.  These  terraces  are  formed  from  gravel, 
sand,  and  silt,  which  were  carried  away  from  the  glacier  by  melt- 
water  streams.  In  Franklin  County,  several  elevations  of  terraces 
may  be  along  the  sides  of  the  Whitewater  River.  The  terraces 
stand  10  to  75  feet  above  the  current  floodplain  of  the  river. 
These  terraces  of  glacio -fluvial  drift  may  contain  in  excess  of 
100  feet  of  sand  and  gravel  materials  [2]. 
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The  outwash  terraces  appear  on  the  aerial  photography  to  be 
flat  or  gently  undulating  surfaces  above  the  floodplains.  Overall 
photo  tone  is  light  gray,  with  old  current  markings  and  infiltra- 
tion basins  being  visable  on  most.  The  outwash  terraces  have  been 
used  extensively  as  aggregate  sources.  Gravel  pits  have  altered 
the  surface  of  many  outwash  terraces.  Sand  dunes  are  also  common 
on  the  terraces  with  concentrations  near  Laurel  and  Brookville. 

The  profile  of  glacio-f luvial  terraces  may  be  quite  vari- 
able. Surface  soils  may  be  silt  loams  (A-4,A-6),  silty  clay  loams 
(A-6,A-7),  or  loam  (A-4.A-6)  down  to  about  four  feet.  Underlying 
soils  include  gravelly  clay  loam,  sand  loam,  or  gravelly  loam 
down  to  about  72  inches.  Underlying  this  is  generally  mixes  of 
loamy  stratified  sand  and  gravel  (A-2)  or  stratified  sand  and 
gravel  (A-l).  The  higher  the  terrace  above  the  present  flood- 
plain,  the  longer  the  soil-forming  processes  have  changed  the 
material.  The  higher  terraces  will  have  a  deeper  and  better 
developed  soil  profile.  Agricultural  soil  series  which  form  on 
outwash  terraces  include  Fox,  Ockley,  and  Rodman. 


River  terraces  may  be  found  in  the  steams  of  the  Illinoian 
drift  areas  and  in  the  very  low  terraces  of  the  Whitewater  sys- 
tem. These  terraces  are  usually  less  than  five  feet  above  the 
floodplain.  They  were  formally  floodplain  which  now  are  not 
flooded.  Their  soil  profiles  are  quite  variable  like  the  outwash 
terrace.  Agricultural  soil  series  which  form  on  river  terraces 
include  the  Alvin  and  the  Eldean  series. 
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FLUVIAL  LANDFORMS 


Floodplains 


Floodplain  soils  are  very  hard  to  characterize  due  to  their 
potentially  variable  behavior  even  over  short  distances  and 
depths.  The  floodplains  of  Franklin  County  are  divided  into 
three  types  for  discussion.  Agricultural  soil  series  which  form 
on  floodplains  in  Franklin  County  include:  Dearborn,  Gessie,  Hol- 
ton,  Moundhaven,  Oldenburg,  Ross  and  Wint. 

(a)   Whitewater  River  Floodplains 

The  main  river  in  Franklin  County  is  the  Whitewater  River. 
Topographically,  its  floodplain  is  very  flat.  The  width  of  the 
floodplain  averages  about  one-half  of  a  mile.  On  aerial  photog- 
raphy, the  floodplain  has  variable  photo  tones.  Other  river 
associated  features  such  as  sand  bars  and  meander  scars  may  be 
seen  at  various  location  within  the  floodplain.  Organic  materi- 
als may  be  found  near  the  surface,  but  are  less  common  in  the 
subsoil.  The  floodplain  of  the  Whitewater  River  overlies  a 
variety  of  materials.  These  include  Ordovician  limestone  and 
shales,  Wisconsinan  glacial  drift,  and  Illinoian  glacial  drift. 
The  total  depth  of  filling  of  the  bedrock  valley  in  which  the 
Whitewater  River  flows,  by  fluvial  and  glacial  materials,  nay  be 
as  much  as  150  feet. 


Surface  soils  of  these  floodplains  consist   of   sandy   loams 
( A-4 , A-6 , A-2 ) ,   silty   clay   loams   (A-6.A-7),  or  silty  loams  (A- 
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4,A-6).  Subsoils  consist  of  silty  clay  loams,  silty  loams,  and 
loams.  Lenses  of  sand  and  gravel  may  be  found  at  depth.  In  some 
localities,  the  river  flows  directly  over  bedrock. 

(b)  Floodplains  in  Wisconsinan  Drift  Areas 

Soils  of  the  floodplains  in  Wisconsinan  drift  areas  are 
derived  from  the  erosion  of  loess,  Wisconsinan  drift,  bedrock, 
and  outwash  materials.  Floodplain  widths  are  generally  less  than 
a  few  hundred  feet  across. 

The  first  14  to  24  inches  of  the  floodplain  soils  in  Wiscon- 
sinan areas  are  silty  loams  (A-4,A-6),  clay  loams  with  some 
organics  (A-7),  or  silty  clay  loams  with  slight  organics  (A-6,A- 
7).  Under  these  soils,  down  to  32  to  72  inches,  are  loams  which 
are  silty  and  stratified  or  clayey  in  sections.  These  grade  into 
gravelly  sand  loam  or  gravelly  sand.  In  some  floodplains,  inter- 
bedded  limestone  and  shales  may  be  encountered  at  six  feet. 

(c)  Floodplains  in  Illinoian  Drift  Areas 

The  floodplains  in  Illinoian  drift  areas  contain  soils  which 
are  derived  from  Illinoian  ground  moraine,  thin  loess,  and  resi- 
dual bedrock.  Most  floodplains  in  Illinoian  drift  areas  may  be 
several  hundred  feet  in  width.  On  aerial  photograph,  floodplains 
in  Illinoian  drift  areas  contain  a  white  fringe  about  their  per- 
imeter. 


Surface  soils  in  Illinoian  drift  floodplains  are   silt   loam 
(A-4,A-6),   silty   clay   loam  (A-4,A-7),  and  clay  loam  (A-7).   In 
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Illinoian  ground  moraine  areas,  underlying  soils  are  loam  with 
silt  and  clay  seams,  and  sandy  loam  with  traces  of  gravel. 
Floodplains  in  drift  over  limestone  and  shale  have  subsoils  con- 
sisting of  sandy  loams  and  interbedded  bedrock  at  48  to  72 
inches . 

Soil  borings  in  the  various  floodplains  are  indicated  at 
sites  7,  8,  9,  10,  17,  18,  19,  and  20.  Data  for  each  boring  site 
are  contained  in  Appendix  D  corresponding  to  each  number. 

River  Terraces 


As  stated  earlier,  river  terraces  were  lumped  together  with 
outwash  terraces  and  called  terraces  on  the  engineering  soils  map 
and  in  the  soil  profiles.  Fluvial  materials,  like  the  materials 
which  make  up  the  floodplains  and  river  terraces,  are  generally 
moderately  plastic  in  the  surface  soils.  The  fluvial  materials 
generally  have  non-uniform  strength  due  to  their  compositional 
variability. 

MISCELLANEOUS  LANDFORMS 

Grave  1  Pits  and  Quarries 


Several  gravel  pits  and  limestones  quarries  are  found  in 
Franklin  County.  The  gravel  pits  are  scattered  along  the  White- 
water River  in  terraces  which  contain  deep  deposits  of  sand  and 
gravel  suitable  as  aggregate.  Several  limestone  quarries  are 
also  located  in  the  county.  One  quarry  is  located  near  Laurel. 
Limestone   from   various   quarries   in   the   county   are  used  for 
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cr 


ushed  stone,  agricultural  lime,  and  building  stone 
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ENGINEERING  PROBLEMS 
AND  CONSIDERATIONS  IN 
FRANKLIN  COUNTY 

INTRODUCTION 

This  section  is  a  discussion  of  possible  engineering  prob- 
lems associated  with  the  landf orm-parent  material  areas  mapped  in 
Franklin  County.  Figure  14  is  a  summary  of  engineering  proper- 
ties of  soils  [27]. 

GROUNDWATER  SUPPLY 

Franklin  County  is  located  in  the  Ordovician  Limestone  and 
Shales  Groundwater  Section  of  Indiana  [7],  A  portion  of  the 
groundwater  in  the  county  is  obtained  from  deep  limestone  bedrock 
aquifers.  The  depth  of  these  wells  generally  exceed  200  feet. 
Water  obtained  from  these  bedrock  aquifers  is  of  good  quality 
[2].  Bedrock  is  not  the  only  source  of  water  in  the  county. 
Wells  driven  into  the  upland  areas  of  glacial  drift  range  from  25 
to  200  feet  or  more  in  depth.  These  are  successful  if  a  subs- 
trata of  water-bearing  sand  or  gravel  can  be  found.  Glacioflu- 
vial  terraces  are  drilled  for  water  to  a  depth  of  15  to  100  feet 
along  the  Whitewater  River.  There  is  generally  good  success  in 
obtaining  water  from  these  terraces.  The  final  water  source  is 
surface  supplies.  Ponds  and  the  Brookville  Reservoir  provide 
water  for  various  activities  in  the  county.  In  general,  water  is 
readily  available  in  most  all  areas  of  the  county. 
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ENGINEERING  PROPERTIES  OF  SOILS  SUMMARIZED 

Property 

Gravel  and  sand 

Silt 

Clay 

Organic* 

HYDRAULIC  PROPERTIES 

Permeability 

Very  high  to 
high 

Low 

Very  low  to 
impermeable 

Very  high  to 
very  low 

Capillarity 

Negligible 

High 

Very  high 

Low  to  high 

Frost-heaving 
susceptibility 

Nil  to  low 

High 

High 

Low  to  high 

;      Liquefaction 
susceptibility 

Nil  to  high  in 
fine  sands 

High 

None 

High  in  organic 
silts 

RUPTURE  STRENGTH 

Derivation 

Intergranular 
friction  <t> 

Friction  0, 

apparent 

cohesion 

Drained:  <t>  and 
c:  undrained:  s„ 

Organic  silts  and 
clay,  4>  and  c 

Relative  strength 

High  to 
moderate 

Moderate  to 
low 

High  to  very 
low 

Very  low 

Sensitivity 

None 

None 

Low  to  very 
high 

As  for  clay 

Collapsing 
formations 

Lightly  cemented 
sands 

Loess 

Porous  clays 

Not  applicable 

DEFORMABILITY 

Magnitude 
(moderate  loads) 

Low  to  moderate 

Moderate 

Moderate  to 
high 

Very  high 

Time  delay 

None 

Slight 

Long 

None  to  long 

Compactability 

Excellent 

Very 
difficult 

Moderate 
difficulty: 
requires  careful 
moisture  control 

Not  applicable 

Expansion  by 
wetting 

None 

None 

Moderate  to 
very  high 

Slight 

Shrinkage  upon 
drying 

None 

Slight 

Moderate  to 
very  high 

High  to  very 
high 

CORROSIVITY 

Occasional: 
calcareous  sands 
troublesome  to 
concrete 

Occasional 

Low  to  high 

High  to  very 
high 

Figure  14.  Engineering  Properties  of  Soils  (27). 
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FROST  ACTION  POTENTIAL 

Several  parent  material  types  have  a  moderate  or  high  proba- 
bility for  frost  heave.  These  are  the  Wisconsinan  ground  moraine 
and  ridge  moraine,  the  Illinoian  ground  moraine,  and  the  thin 
Illinoian  moraine  over  bedrock.  All  of  these  may  contain  substan- 
tial amounts  of  clays  and  especially  silts.  They  are  generally 
poorly  drained  and  are  susceptible  to  frost  action.  Frost  heave 
during  freezing  and  induced  low  shear  strength  during  thawing  can 
damage  rigid  structures,  such  as  pavements.  Care  should  be  taken 
to  provide  either  adequate  drainage  and/or  increased  insulating 
materials  to  frost  susceptible  soils. 

STEEL  AND  CONCRETE  CORROSION 

Forty  percent  of  the  parent  materials  in  Franklin  County 
contain  soils  with  a  high  to  moderately  high  potential  for  steel 
and  concrete  corrosion.  These  include  the  Illinoian  ground 
moraine,  thin  Illinoian  drift  over  bedrock,  floodplains  in  Illi- 
noian drift  areas,  and  limestone  benches.  The  pH  of  these  soils 
range  between  4.5  to  8.4  [2],  Acidic  conditions  present  in  these 
soils  reduces  the  lifespan  of  buried  metal  pipe  from  40  to  15 
years  [30].  Aluminum  pipe  is  often  used  to  minimize  the  corrosion 
effects.  It  should  be  emphasized  that  site  specific  evaluation 
of  potential  metal  corrosion  should  be  considered. 


Most  severe  concrete  corrosion  is  due  to  a  poor   quality   of 
concrete.   Thus,   in   areas   where  this  is  potentially  a  problem, 
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good  quality  concrete  will  help  eliminate   corrosion   and   struc- 
tural damage  . 


WASTE  DISPOSAL 


There  are  several  landforms  in  Franklin  County  which  need  to 
be  avoided  when  planning  solid  or  liquid  waste  disposal  systems. 
A  waste  disposal  system  may  be  a  sanitary  landfill  or  a  septic 
system.  The  first  landform  type  is  the  terraces.  Terraces  are 
much  too  permeable  to  serve  as  candidates  for  landfills  and  sep- 
tic tanks.  Leachate  can  easily  drain  through  the  granular 
materials  of  the  terrace  and  contaminate  groundwater.  The  sand 
dune  areas  are  not  practical  for  the  same  reasons.  Floodplains 
are  to  be  avoided  as  waste  system  sites  because  they  are  fre- 
quently flooded  which  leads  to  escape  of  contaminated  leachate. 
Finally,  areas  with  bedrock  close  to  the  surface  such  as  the  thin 
Illinoian  drift  over  interbedded  limestones  and  shales  are  poten- 
tially bad.  Limestone  should  be  avoided.  Shale  should  be 
avoided  if  secondary  porosity  and  sufficient  permeability  is 
present  to  lead  to  travel  of  the  leachate. 


The  upland  Wisconsinan  and  Illinoian  areas  provide  the  best 
sites  for  locations  of  these  systems  if  the  tills  are  relatively 
thick.  They  have,  generally,  low  permeabilities  and  contain  suf- 
ficient fines  for  cover. 

FOUNDATIONS  AND  EXCAVATIONS 

Almost  all  of  the  soils  in  Franklin  County  have  a  low  proba- 
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bilty  of  engineering  problems  associated  with  foundations  and 
excavations.  Areas  which  generally  experience  some  design  and 
performance  problems  with  foundations  and  excavations  include  the 
floodplains,  the  limestone  benches,  and  possibly  the  thin  Illi- 
noian  drift  over  bedrock  areas. 

Foundation  and  excavation  problems  are  common  in  the  flood- 
plain  areas.  The  floodplain  soils  are  highly  permeable  and 
require  dewatering.  Excavations  often  experience  slope  failure 
thus  there  is  a  need  for  adequate  bracing  of  the  slopes.  Blowouts 
are  another  common  problem  which  should  be  anticipated.  In  some 
of  these  floodplain  areas,  bedrock  is  relatively  close  to  the 
surface  and  foundations  are  designed  to  rest  upon  competent 
bedrock. 

Exposure  of  the  interbedded  limestones  and  shales  in  the 
western  part  of  the  county  causes  shale  degradation  and  slope 
failures.  Steps  should  be  taken  to  protect  the  shale  from  the 
environment,  when  the  possibility  of  degradation  exists. 


Othei  -potential  problems  of  the  engineering  soils  of  the 
county  include  perched  water  tables  and  ensuing  slope  stability 
problems  in  the  ridge  moraine.  Also,  there  is  the  probability  of 
need  for  dewatering  in  deep  excavations  in  the  terraces.  Also, 
terraces  should  be  explored  for  local  loose  sand  seams  or  clay 
pockets. 
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Few  problems  are  anticipated  with  building  of  structures  and 
excavation  of  materials  in  the  Wisconsinan  and  Illinoian  ground 
moraine  areas.  These  moraines  are  naturally  ove rconsol idat ed ,  an 
important  point  for  consolidation  and  settlement  considerations 
in  building  systems.  To  ensure  proper  foundation  performance,  a 
careful  site  investigation  should  be  undertaken  to  alleviate 
future  problems.  Glacial  till  can  be  very  variable  over  a  short 
distance.  Thus,  soil  exploration  for  new  buildings  in  these  areas 
is  needed  for  identification  of  materials  with  low  bearing  capa- 
city and  high  settlement  potential. 


LANDSLIDES 


Franklin  County  has  had  some  problems  with  slope  stability 
and  landslides  within  the  steep  valley  wall  slopes  of  the  White- 
water River.  There  are  four  ways  in  which  slopes  may  be  made  or 
may  become  unstable.  These  are:  oversteeped  slopes  in  a  cut 
section,  overloading  of  the  head  of  a  steep  slope,  removal  of  toe 
support,  and  saturation  of  the  slope.  In  the  Franklin  County 
landslides,  these  as  well  as  other  factors  have  come  into  play. 


One  documented  slide  occurred  on  U.S.  52  approximately  10.2 
miles  south  of  S.R.  101  [28].  At  this  site,  the  landform  type  is 
Wisconsinan  ground  moraine  underlain  at  28  feet  by  a  soft  to  hard 
shale  interbedded  with  limestone.  The  bedrock  surface  slopes  at 
3:1  towards  the  Whitewater  River.  A  retaining  wall  was  built  at 
the  bottom  of  the  slide  area.  The  soil  slid  and  destroyed  the 
retaining  wall.   After  this  instability  was  analyzed,  two  factors 
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were  found  to  be  responsible  for  the  slide.  First  the  water  table 
reduced  the  shear  strength  of  the  soil  and  increased  the  driving 
force  of  the  soil  mass.  Second,  toe  material  was  removed  during 
construction  of  the  wall. 

Another  documented  slide  occurred  on  U.S.  52  about  2.8  miles 
west  of  S.R.  46  [29].  The  geology  and  site  conditions  are  simi- 
lar to  the  first  slide  presented.  At  this  location,  an  embankment 
failed.  The  groundwater  table  at  both  locations  fluctuates  with 
changes  in  precipitation.  After  analysis  of  this  failure,  the 
engineer  identified  four  possible  factors  that  contributed  to  the 
failure.  First,  the  embankment  was  compacted  wetter  or  drier 
than  needed.  Compacting  wet  reduces  the  strength.  When  a  soil 
is  compacted  dry,  it  will  be  fine  until  it  absorbs  water.  When 
it  absorbs  water,  expansion  of  the  soil  lowers  the  strength. 
Second,  weathered  rock  and  mixtures  of  soil  and  rock  were  not 
handled  correctly  in  the  cut  and  fill  procedure  used.  Third,  the 
bedrock  surface  slopes  towards  the  river.  And  finally,  the 
groundwater  reduces  strength  and  increases  the  driving  force. 


At  both  of  the  above  locations,  the  solution  of  the  problem 
was  extra  support  to  the  slope  and  refilling  of  the  embankment  or 
slope  to  stop  instability.  When  cuts  are  made  or  when  natural 
slopes  exists  that  may  cause  damage  to  a  structure,  precautions 
can  be  taken  that  may  prevent  slope  failures.  First,  when  making 
cuts  a  slope  of  2:1  to  3:1  generally  gives  an  adequate  amount  of 
safety  in  most  materials.  Second,  proper  drainage  of  slopes  is 
very   important.    Groundwater   has   an   impact  in  most  all  slope 
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failures.  Third,  before  removing  material  from  the  toe  of  a 
slope  make  sure  that  the  passive  resistance  is  still  high  enough 
to  insure  a  proper  factor  of  safety.  Also,  before  adding  any 
additional  load  to  the  top  of  the  slope  be  sure  to  analyze  the 
extra  driving  force  that  will  be  induced  upon  the  slope  soils. 
More  support  may  be  needed  at  the  toe  to  insure  safety.  And 
finally,  before  using  rock  fill,  know  how  the  rock  will  compact 
and  how  it  will  behave  in  the  long  term.  Shales  are  often  used 
in  embankments  and  foundations  in  Franklin  County.  Shales  in  the 
southeastern  part  of  Indiana  are  known  for  degrading  when  exposed 
to  the  environment.   The  next  section  looks  at  this  problem. 

SHALE  EMBANKMENT  AND  DEGRADATION 

Shales  occurring  in  Franklin  County  could  cause  problems  if 
used  in  embankments  or  if  these  materials  occur  in  natural 
slopes.  Testing  of  shale  materials  to  be  used  in  rock  fills  to 
check  their  tendency  to  degrade  after  placement  is  required. 
When  these  materials  are  placed  and  compacted,  large  voids  exist. 
As  the  shale  is  exposed  to  the  environment,  it  becomes  soft  and 
its  collapsing  void  spaces  causes  large  settlement  and  slope 
failure.  Fortunately,  a  rating  system  has  been  devised  to  deter- 
mine the  shale  suitability  as  a  fill  material  [32].  Specific 
tests  are  performed  upon  the  shale  to  rate  it  for  comparison  with 
correlation  charts.  These  charts  correlate  the  shale  rating  with 
common  design  practice. 
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The  first  test  performed  upon  the  shale  is  the  slake  dura- 
bility test.  This  test  evaluates  durability  and  long  term  degra- 
dation due  to  weathering.  Five  ten-gram  samples  of  shales  are 
placed  in  a  wire  drum  ,  submerged  half-way  in  water,  and  rotated 
200  revolutions.  The  drum  is  then  oven  dried  before  repeating  the 
rotation.  After  the  second  set  of  rotations,  the  pieces  of  shale 
remaining  are  weighed.  The  shale  durability  index,  1(d),  is  then 
computed  as  follows: 


Kd)  = 


Weight  after  second  cycle  X  100 


Weight  after  first  cycle 
This  results  in  a  number  between  0  to  100.   Shales   with   an 
1(d)   <   80   are  considered  soil-like  and  the  plasticity  index  is 
determined.  Shales  with  an  1(d)  >  80  are  considered  rock-like  and 
a  point  load  test  is  performed. 

Franklin  developed  a  rating  chart  using  index  of  durability 
versus  plasticity  index  or  point  load  test.  Figure  15  is  the 
Franklin  rating  chart  and  is  used  to  determine  a  'R'  value  [32]. 
Figure  16a  shows  minimum  lift  thickness  and  compacted  density 
verses  the  'R'  value.  Figure  16b  shows  the  correlation  between 
the  drained  shear  strength  parameters  and  the  'R'  value.  These 
charts  can  be  used  to  predict  shale  performance. 


Most  of  the  Ordovician-age  shales  are  considered  rock-like 
shales  but  in  the  long  term  they  may  break  down  and  be  soil-like. 
If  problems  are  expected  with  using  a  shale  as  a  rock-type 
material,  precautions  are  taken  to  lessen  degradation  effects. 
Proper  drainage  within  the  fill  helps  to  minimize  slaking.   Also, 


-    59   - 


* 


(edW)    (OS)  I  X3CMI   HIDN3H.LS  QVOT   IKIOd 


o  co      o        -a- 

H    O.       O  O 


C\J 
CO 


-~  cc 

3  ° 

9  c 


>- 

CO 

u 

cc 

a 

EE 

0) 

c 

o 

cc 

jj 

.c 

W 

CO 

X 

Ed 

w 

a 

c 

5 
Q 

< 
CO 


c 

CO 


CD 

w 

Ll 


I  X20NI   LLIOIJSVId 


-  60  - 


250 


10      15      20     25      30 
ANGLE  0?   INTERHAL  FSICTIOH  i'    (DECREES) 


35 


Figure  16a.  Trends  in  Shear  Strength  Parameters  of  Compacted 
Shale  Fills  as  a  Function  of  the  Shale  Quality  (32). 
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Figure  16b.  Tentative  Correlations  Between  Shale  Quality, 
Lift  Thickness,  and  Compactd  Densities  (32). 
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the  shale  fill  is  isolated  from  water  infiltration  and  from  the 
environment.  This  is  accomplished  by  encasing  the  shale  with  a 
very  low  permeability  fill  material  such  as  a  clay.  These  meas- 
ures help  to  slow  down  the  slaking  process  and  increase  the  ser- 
vice life  of  the  fill. 

SUMMARY 

A  summary  of  potential  engineering  problems  related  to  the 
soils  of  Franklin  County  is  given  in  Table  5.  Each  parent 
material  type  is  represented  along  with  the  probability  of  cer- 
tain problems  occurring.  These  ratings  reflect  the  average  char- 
acter of  the  parent  material  type. 
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U    3    DEPARTMENT  Of  COWMERCK.    WLATHEH   BUREAU 

IN  COOPERATION  with     PURDUE   ACR1  CULTURAL   EXPERIMENT    STATION 
CUMATOGRAPHY  Of  THI  UNITID  STATU   HO    20  -12 

CLIMATOLOGICAL  SUMMARY 


MEANS  AND  UTBEMIS  rOH  PERIOD    1934-1963 


STATION     3ROOKVILLE,     INDIA.NA 
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0 

5 

24 

2 

Feb. 

Mar. 

52.2 

28.9 

40.6 

83 

1948* 

-6 

1943 

766 

3.65 

2.98 

1943 

3.1 

12.0 

1959 

7.0 

1959 

7 

0 

2 

21 

* 

Mar. 

Apr . 

64.0 

38.3 

51.2 

89 

1948+ 

18 

1940 

405 

3.43 

2.67 

1957 

T 

1.0 

1956* 

1.0 

1956* 

7 

0 

0 

9 

0 

Apr. 

May 

74.9 

48.1 

61.5 

9S 

1934 

26 

1963 

161 

4.19 

4.03 

1961 

T 

T 

1954 

T 

1954 

8 

1 

0 

1 

0 

May 

June 

83.6 

58.1 

70.9 

104 

1944 

37 

1954 

33 

4.01 

2.53 

1947 

0 

0 

0 

7 

7 

0 

0 

0 

June 

July 

87.3 

61.4 

74.4 

108 

1936 

45 

1947* 

6 

3.73 

3.35 

1953 

0 

0 

0 

9 

11 

0 

0 

0 

July 

Aug. 

86.5 

60.1 

73.3 

105 

1936 

40 

1934 

0 

2.73 

3.34 

1960 

0 

0 

0 

5 

10 

0 

0 

0 

Sept. 

81.1 

51.7 

66.4 

104 

1951 

25 

1942 

84 

3.23 

4.58 

1936 

0 

0 

0 

5 

5 

0 

1 

0 

Sept 

Oct. 

70.1 

40.1 

55.0 

92 

1951 

15 

1952 

329 

2.35 

2.68 

1937 

T 

0.4 

1959 

0.4 

1959 

6 

• 

0 

7 

0 

Oct, 

Nov. 

52.0 

30.8 

41.4 

86 

1950 

-7 

1958 

678 

2.79 

3.15 

1938 

1.6 

9.0 

1958 

7.5 

1958 

6 

0 

1 

18 

* 

Nov. 

Dec. 

42.0 

21.5 

31.8 
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1956 

-16 

1960 

1004 

2.50 

2.05 

1945 

3.6 

14.3 

1942 

6.6 

1943 

4 

0 

7 

26 

2 

Dec. 

July 

Jan. 

Sept, 

Dec. 

Jan, 

Year 

64.4 

40.4 

52.4 

108 

1936 

-25 

1963 

5410 

38.49 

4.58 

1936 

15.3 

14.3 

1942 

10.0 

1951 

74 

34 

22 

134 

6 

Yes* 

(a)  Average  length  of  record,  years. 

T  Trace,  an  amount  too  small  to  measure. 
*•   Base  65°F 


+   Also  on  earlier  dates,  months,  or  years. 
*  Less  than  one  half, 


CLIMATE  OF  BROOKVULE,  INDIAHA 


Brookville,  located  in  Franklin  County  In  Southeast  tndianJ,  has  an 
Invigorating  climate  because  of  the  frequent  changes  of  the  weather. 
Pleasant,  cloudless  days  are  Interspersed  with  some  rainy  days  through- 
out the  year.   Monsoon  rains  are  unknown  but  rainfall  Is  usually 
adequate  in  all  seasons  favoring  a  diversified  agriculture.  'In  the 
summer  when  moisture  utilization  la  high,  a  dry  month  of  below  normal 
rainfall  affects  lawns,  pastures,  and  crop*. 

Weather  changes  every  few  days  come  from  the  passing  of  weather 
fronts  and  associated  centers  of  low  and  high  air _£fessure.   In 
general,  a  high  brings  lower  temperatures,  lower  humidity  and  sunny 
days.   An  approaching  low  brings  Increasing  temperatures.  Increasing 
southerly  wind,  higher  humidity,  and  commencement  of  rain  or  showers. 
This  activity  is  greatest  In  the  spring  and  least  In  late  summer 
and  early  fall. 

Preci  pi  tat  ion  Is  rather  evenly  distributed  throughout  the  year,  a 
happy  contrast  to  some  areas  of  the  United  States  that  have  a  "dry 
season"  and  require  irrigation  to  maintain  green  vegetation.   The 
table  of  monthly  rainfall  for  past  years  In  this  report  shows  the 
variation  of  rainfall  that  may  be  expected.  There  Is  a  tendency 
for  spring  and  early  summer  rains  to  exceed  winter  precipitation. 
The  spring  rains  are  very  reliable  Insuring  near  maximum  soil  mois- 
ture going  Into  summer  when  evaporation  losses  exceed  rainfall  and 
dry  soils  become  more  probable.   A  severe  drought  has  never  been 
experienced.   About  one-third  of  the  annual  rainfall  flows  Into 
streams  and  out  of  the  area.   Future  needs  may  require  conservation 
of  this  water. 

The  probability  for  unusually  heavy  rains  In  Just  a  few  hours  Is  In- 
dicated by  s  weather  study  of  the  area: 

Frequency  In  100  years    Rain  In  1  hour  6  hours    12  hours 

4                      2.4  4.0         4.6 

10                    2.1  3.3         3.8 

20                  1.7  2.8        3.2 

Snowf al 1  has  varied  reception.   None  occurs  in  the  summer.   Some 
winters  have  much  snow  and  others  have  very  little.   An  occasional 
snow  storm  may  hamper  travel  and  clog  roads  but  at  the  same  time  the 
snow  blanket  protects  winter  grains  from  the  very  cold  air  that  in- 
variably follows.   Heaviest  snow  storma  are  those  out  of  the  south- 
west.  As  they  swirl  northeastward,  abundant  moisture  flows  In  from 
the  Gulf  of  Mexico.   A  storm  out  of  the  northwest,  with  an  Inward 
flow  of  colder,  drier  air,  leaves  less  snow.   Some  mid-winters  are 
thua  cold  but  snowfall  Is  normal  or  less. 


Relative  humidl ty  is  not  measured  at  this  station  but  estimates 
are  possible  from  the  climatology  of  the  area.   Relative  humidity 
varies  on  sunny  summer  days  from  a  percent  In  the  -O's  in  the 
early  afternoon  to  the  90's  about  sunrise.   Relative  humidity 
rises  and  falls  much  as  temperature  does  during  a  typical  day  buC 
the  highest  percent  usually  occurs  with  the  minimus  temperature 
and  the  lowest  percent  with  the  maximum  temperature.   A  cold  front 
is  next  In  Importance  in  changing  relative  humidity  downward. 

Winds  blow  most  frequently  from  the  southwest,  however,  in  one 
or  two  of  the  winter  months,  prevailing  winds  are  northwest.  Damag- 
ing winds  have  three  sources.   In  the  order  of  diminishing  area 
coverage  but  increasing  intensity,  they  are:  lows  passing  through 
the  region,  thunderstorms,  and  tornadoes.   Only  2  tornadoes  have 
been  reported  in  the  county  since  1916,   Neither  were  of  sufficient 
sire  to  Injure  people  or  damage  property.   Thunderstorms,  including 
incidences  of  lightning  and  thunder,  occur  about  48  days  of  the 
year.   Most  of  these  occur  In  the  spring  and  early  summer.   They 
are  seldom  so  severe  as  to  cause  loss  of  life,  property,  or  crops. 
Desth  dealing  smog  and  fog  is  unknown. 

Heating  degree  days  In  the  above  table  provide  a  comparative  number 
for  calculating  heating  requirements  between  different  places  and 
different  times.   Fuel  consumption  for  heating  is  proportional  to 
degree  day  totals,  so  a  month  with  twice  the  heating  degree  days,  of 
another  month  requires  twice  as  much  fuel  for  heating.   Degree  days 
for  a  single  day  are  obtained  by  subtracting  the  mean  temperature 
from  6,5  degrees. 

The  growing  season  (defined  here  as  the  number  of  days  between  the 
last  spring  and  first  fall  temperature  of  32°)  averages  157  days 
in  length.   The  season  is  176  days  or  more  in  101  of  the  years,  167 
days  or  more  In  251  of  the  years,  less  than  147  days  In  251  of  the 
years,  and  less  than  138  days  in  101  of  the  years. 

Many  days  of  the  year  are  nearly  Ideal  In  temperature.  A  few  days 
in  the  summer  when  temperatures  exceed  90,  or  decline  below  zero  in 
the  winter,  tend  to  obscure  this  fact.  The  fall  season  is  consider- 
ed by  many  as  the  best  time  of  year  for  outdoor  activities.  Spring 
Is  also  a  favorite  season  but  actually  this  season  has  more  days  of 
rain  and  thunderstorms.  In  the  fall  the  atmosphere  in  total  seems 
more  quiet.  Air  and  soil  temperatures  are  nearer  in  agreement  than 
any  other  time  of  the  year,  thus,  convective  activity  Is  diminished. 
Many  days  are  sunny  and  showers  are  less  frequent. 

Lawrence  A.  Schaal 
Weather  Bureau  State  Cllmatologiat 
Purdue  University,  Agronomy  Department 
Lafayette,  Indiana 
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(MAT  MIAMI    RIVER  BASIN 

03276500  Mhitewater  River  at  Brookville,    Ind. 

LOCATION. --Ut  39*24"24",   long  8S*00'46",   in  NE1!**1!  sec. 32,  T.9  N. ,  R.2  W. ,  Franklin  County,  on  right  bank  at  downstream  side  of 
highway  bridge,  0.3  mle   (0.S  km)  downstream  from  East  Fork  Whitewater  River,  and  1.1  miles   (1.9  km)  south  of  Srookville. 

DRAINAGE  ASEA.--1.22.  ni'   (3,170  to1). 


DURATION  TABLE  OF  DAILY  DI5CMARGC  Foo  YEAR  ENDING  SEPTEMBER  30 


1   2   3  4   5   i   T   a   9  10  II  12  13  1»  15  16  IT  la  19  20  21  22  23  24  25  26  2T  2a  29  30  31  32  33  34 


YEAR 
1916 
HIT 
1924 
1925 

1926 
192T 
1928 
1929 

1930 

1931 
1932 
1933 
1934 
1935 

1936 
193T 
1938 
1939 

1940 

1941 
1942 
1943 
1944 
1945 

1946 
194T 
1944 
1949 
1950 

1951 
1952 
1953 
1954 
195S 

1956 
195T 
1958 
1959 
1960 

1961 
1962 
1963 
1964 

1965 


NUMBER  ST  OATS  IN  CLASS 

15  12  21  32  33  22  22  21  19  30  21  32  23  23  5  11 

46  66  32  11  24  IB  23  32  18  19  16  12  10  10   6   a 

1  39  47  3T  10   6  4  10  22  30  31  24  36  25  13   5 

11   T  49  4B  45  60  29  29  20  18  12   8   5   4   6   8   3   1 

111   9  11  15  22  18  33  30  29  21  28  30  24  24  IS  14 

19  IT  2T  11   4  6   5   8  19  43  40  22  23  26  20  IT  15   8 

4  21   9  35  14  23  12  20  25  49  35  33  2T  11  14  11   9 

14  30  52  22  24  21  IT  10  19  11  23  29  19  24  16   9 

1  29  29  IB  16  28  IT  20  19  21  15  18  15  22  26  23   9  10   9   3 


1  14  89  44  32  23  33  15  25  33  14  9  10   a  4   2   2  4  1 

4  23  43  31  31  13  11  20  30  29  29  18  20  16   9  11  8 

5  22  35  19  19  24  24  13  22  21  32  29  23  22  14 

10  22  29  22  11  33  65  38  22  36  31  16   9   5   2   4   2   1   2  1 

3T  65  66  IT  10   9  26  22  21  23  14  10  14   • 


T  S  5  3   2   2 


a  35  32  14  23  14  39  19  31  IT  22  19  23  IS  16  14  5 

6  14  12  16  31  36  28  31  44  32  23  24  16 

2   3  15  20  29  21  41  35  34  19  33  26  19 

8  12  6  41  20  25  34  28  29  20  29  13  23  25  8 

5  23  42  43  SO  26  16  IS  14  19  23  13  19  12  9  8  5 


23  34  33  45  35  46  42  46  23  12 

2  ' •  -'   ' 


4  3  2 
9  10  9 
6  12  11 
9  11  6 

5  4  2 

1 

6  6  2 

a  io  « 

T   8  2 


5  35  46  42  46  23  12   3  3  S  3  1 

8  IT  IT  25  40  36  44  30  35  31  19  14 

34  29  14  12  12  29  29  30  32  38  20  24 

i  21  12  76  71  It  a   6   6   3   T  13  13  15  22  - 

36  62  2a  21  14  12  13  IT  13   8  13  25  18  14  13  11  10   6  5  10 

It  13  11  11   9  33  33  36  33  26  29  IS  2S  22  21  S  11  2   5 

IT  23  24   3   9  16  29  34  30  18  24  14  24  22  14  13  12  13   8 

15  IT  15  20  SO  64  38  16   8  13  IT  IT  11  13  11  6   T  T  4 

16  10   a  10  34  16  24  19  27  20  19  30  26  25  16  15  11  10   4 

2  40  3*  25  16  14  27  29  21  21  29  22  11  14  10  IS 

21  21   5  13   T  2T  25  21  18  3T  22  2T  21  23  12  18  9  12 

14  48  38  20   T  14  13  IS  16  18  14  24  20  29  22  T  15  8   S 

3  54  36  14  13  16  24  19  10  24  44  33  20  14  14  T  6   1  6   2 

21124  30  21  23  25  30  21  13  10  IS  11  T  T  1  3  3 

21  13  43  3T  21  12  IS  21  2T  31  18  19  16  19  IT  4  12   3  4   6 

21  12  16   T  13  22  30  3T  33  26  20  14  2S  18  16  19  13  6  • 

43  13  25  32  2T  IT  11  21  45  23  19  15  IS  16  9  T   6  5  2 

6  20   6  10   2   6  26  46  43  32  26  31  18  19  15  12  9  12 
4  30  20  IS  13  34  33  26  24  35  18  33  24  IT  12   9  7   3 

19   9  20  25  41  13  18  56  33  40  32  13  12  12  8  3   4  2   2 

34  48  33  19  21  It  23  IT  IT  19  21  10  13  T  13  8  11  8  9 

4t  4T  31  27  24  25  38  28  12  23  la  13  10   4  5   2 

6  18   9  22  73  68  28  23  13  16  It  11  T  9  10  9  t   3  3   t 

48  98  19  22  27  16  It  24  13   9  5  12  T  12  6  4  t  4  2   S 

11  4t  28  27  38  30  14  28  11  20  10  15  13  23  8  9  8   6  8   3 


S 

3  4 

3   1 


3  1 

4  2 
2   1 
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2  1  1 
2   1   1 


1 

1   1 
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1 

1      1 
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T 

11 

.0 

4 

1T0, 
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7 
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LO»EST  MEAN  DISCHARGE.  IN  CFS.  AND  RANKING.  FOR  THE  FOLL0«ING  NUMBER  OF  CONSECUTIVE  OATS  IN  YEAR  ENOING  MARCH  31 


YEAR 

I 

I 

3 

T 

14 

30 

to 

9( 

1 

12( 

t 

183 

ANNUAL 

191T 

190, 

,00 

35 

19t, 

00 

35 
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,00 

33 

200. 

00 

31 

212, 

.00 

31 
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,00 

24 
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00 

19 
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.00 

18 
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.00 

18 
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18 
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33 
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33 
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30 

203, 

,00 

28 

251, 

00 

28 
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26 
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25 

415. 
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24 
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17 
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IT 
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20 
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19 
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29 
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37 
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34 
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32 
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26 
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23 

39 
29 
26 

41 
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166.00 

30 
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30 
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30 
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32 
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41 
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42 
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41 
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00 

42 
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42 
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110, 
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14 
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,00 

14 
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19 
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20 

148, 
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19 
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19 
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24 
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00 

28 
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00 

26 
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,00 
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26 
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,00 

29 
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27 
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27 
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24 
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23 
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00 

23 
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37 
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3t 
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WHITEWATER   RIVER    AT    BROOKVlLLE.    IW.  (Cont muid) 

LOWEST  mean  discharge,  in  cfs*  and  ranking*  for  The  following  number  of  CONSECUTIVE  oats  IN  tear  ENDING  MARCH  31 


1931 

86.00 

6 

93.70 

8 

95.  »0 

s 

98.10 

8 

101.00 

7 

115.00 

6 

136.00 

7 

138.00 

7 
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3 
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2 

1932 
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10 
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9 
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10 
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14 
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26 
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32 
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2a 

316.00 

27 
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19 
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19 
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21 
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21 
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22 
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23 
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23 

254.00 

30 
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35 

423.00 

35 
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3* 
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32 
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32 
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31 
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32 
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3* 
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32 

252.00 

29 

33*. 00 

33 

308.00 

26 

3*8. 

,00 

20 

1130.00 

22 

1935 

60.00 

1 

6S.00 

2 

69.10 

2 

78.40 

2 

8*. 90 

1 

91.60 

1 

92.90 

1 

99.90 

1 

Ill, 

,00 

1 

212.00 

1 

193* 

99.00 

12 

101.00 

12 

105.00 

12 

111.00 

12 

118.00 

10 

202.00 

21 

2*0.00 

22 

292.00 

2* 

386, 

,00 

23 

861.00 

13 

193? 

73.00 

3 

75.70 

3 

67.60 

4 

as. oo 

4 

95.80 

3 

121.00 

8 

162.00 

13 

236.00 

19 

484, 

00 

30 

1670.00 

34 

1938 

190.00 

3* 

195.00 

J* 

210.00 

36 

263.00 

40 

401.00 

39 

500.00 

39 

532.00 

39 

573.00 

36 

699, 

.00 

37 

1*40.00 

27 

1939 

210.00 

39 

212.00 

36 

215.00 

37 

219.00 

35 

226.00 

3* 

273.00 

33 

4*8. 00 

36 

435.00 

37 

588, 

,00 

35 

1470.00 

28 

19*0 

121.00 

22 

126.00 

22 

130.00 

21 

136.00 

21 

139.00 

la 

16*. 00 

17 

176.00 

18 

175.00 

12 

26a, 

,00 

13 

952.00 

15 

19*1 

76.00 

* 

79.70 

* 

8*.  60 

3 

87,10 

3 

89.60 

2 

97.90 

2 

108.00 

2 

121.00 

* 

162. 

,00 

6 

601.00 

4 

19*2 

6*.  00 

2 

6*. 70 

1 

66.00 

1 

71.50 

1 

132.00 

15 

1*8.00 

15 

162.00 

1* 

217.00 

16 

26a, 

,00 

1* 

753.00 

5 

19*3 

1*0.00 

25 

1*2.00 

25 

1*5.00 

24 

1*9.00 

24 

155.00 

21 

186.00 

20 

323.00 

30 

369.00 

31 

4*2. 

,00 

27 

1170.00 

24 

19** 

126.00 

23 

1*1.00 

23 

1*8.00 

25 

150.00 

25 

159.00 

22 

175.00 

18 

176.00 

17 

195.00 

1* 

210. 

,00 

10 

851.00 

12 

19*5 

ao.oo 

5 

S*.30 

5 

69.00 

5 

97.10 

6 

97.70 

4 

103.00 

3 

111.00 

3 

116.00 

3 

127, 

,00 

2 

1080.00 

20 

19*6 

156.00 

26 

161.00 

27 

168.00 

28 

181.00 

29 

211.00 

30 

285.00 

36 

403.06 

36 

590.00 

39 

650. 

,00 

36 

1500.00 

30 

19*7 

116.00 

IS 

117.00 

16 

120.00 

17 

123.00 

15 

126.00 

12 

133.00 

12 

151.00 

12 

103.00 

13 

286, 

00 

15 

796.00 

9 

19*1 

206.00 

38 

216.00 

40 

22»,00 

40 

236.00 

38 

259.00 

37 

281.00 

35 

301.00 

27 

338.00 

29 

577, 

00 

33 

1810.00 

36 

19*9 

110.00 

15 

117.00 

19 

120.00 

18 

125.00 

16 

134.00 

16 

1*6.00 

1* 

16*. 00 

IS 

230.00 

17 

36*. 

,00 

21 

2080.00 

38 

1950 

176.00 

31 

167.00 

32 

20*. 00 

34 

256.00 

39 

282.00 

38 

375.00 

38 

406.00 

37 

4)0.00 

3* 

530, 

,00 

31 

2050.00 

37 

1951 

290.00 

*1 

291.00 

»1 

313.00 

41 

331.00 

41 

406.00 

40 

553.00 

40 

776.00 

»2 

836.00 

*1 

978, 

00 

39 

2160.00 

40 

1952 

132.00 

2* 

1*1.00 

2* 

l**.oo 

23 

1*7.00 

22 

150.00 

20 

162.00 

16 

173.00 

16 

217.00 

15 

»33, 

00 

25 

1670.00 

35 

1953 

112.00 

16 

113.00 

15 

117.00 

IS 

126.00 

18 

136.00 

17 

144.00 

13 

1*9.00 

11 

166.00 

11 

239, 

,00 

12 

807.00 

10 

195* 

101.00 

13 

102.00 

13 

105.00 

13 

110.00 

11 

114.00 

9 

117.00 

7 

120.00 

6 

127.00 

6 

156, 

,00 

5 

530.00 

3 

1955 

90.00 

7 

92.00 

6 

92.00 

6 

93.10 

5 

98.50 

5 

130.00 

10 

1*4.00 

10 

151.00 

9 

178, 

,00 

7 

781.00 

a 

1956. 

91.00 

S 

96.70 

10 

99.10 

9 

103.00 

9 

131.00 

14 

210.00 

23 

327.00 

32 

405.00 

33 

539, 

,00 

32 

1230.00 

25 

1957 

116.00 

19 

116.00 

16 

117.00 

14 

118.00 

13 

123.00 

11 

129.00 

9 

1*2.00 

9 

156.00 

10 

23*. 

,00 

11 

779.00 

7 

1958 

.60.00 

29 

162.00 

26 

16*. 00 

26 

171.00 

26 

201.00 

27 

223.00 

26 

230.00 

20 

282.00 

22 

7*2, 

,00 

38 

1510.00 

31 

1959 

400.00 

»2 

410.00 

42 

»21.00 

42 

4*9.00 

42 

*69.0O 

42 

567.00 

41 

680.00 

40 

720.00 

40 

1350, 

,00 

»1 

2500.00 

42 

1960 

156.00 

27 

159.00 

26 

17*. 00 

29 

178.00 

28 

192.00 

25 

217.00 

25 

2*0.00 

21 

25*. 00 

20 

312, 

,00 

17 

807.00 

11 

1961 

IIS. 00 

20 

119.00 

20 

120.00 

16 

125.00 

17 

128.00 

13 

131.00 

11 

1*1.00 

8 

1*6.00 

8 

18*. 

,00 

9 

89a. 00 

14 

1962 

211.00 

40 

212.00 

39 

217.00 

38 

220.00 

36 

239.00 

36 

276.00 

3* 

322.00 

29 

35*. 00 

30 

»79 

,00 

29 

1660.00 

33 

1963 

200.00 

36 

209.00 

37 

218.00 

39 

221.00 

37 

229.00 

35 

261.00 

31 

261.00 

25 

268.00 

21 

29* 

.00 

16 

972.00 

16 

196* 

92.00 

9 

92.00 

T 

94.70 

7 

97. *0 

7 

101.00 

6 

108.00 

* 

113.00 

4 

113.00 

2 

1**, 

,00 

* 

759.00 

6 

1965 

99.00 

11 

99.30 

11 

101.00 

11 

103.00 

10 

loa.oo 

a 

112.00 

5 

118.00 

5 

126.00 

5 

181, 

.00 

8 

1000.00 

17 

HIGHEST  MEAN  OISCHARGE*  IN  CFS*  ANO  WANKING*  FOR  THE  FOLLOWING  NUMBER  OF  CONSECUTIVE  DAYS  IN  TEAR  ENDING  SEPTEMBER  30 


YEAR 

1 

3 

7 

IS 

30 

60 

90 

120 

183 

ANNUAL 

1916 

38700.0 

7 

25100.0 

a 

1*300.0 

9 

8*90.0 

9 

6390.0 

6 

4950.0 

8 

3930.0 

9 

3*90.0 

8 

2870 

.0 

6 

1710.0 

11 

1917 

19400.0 

29 

14500.0 

25 

8270.0 

25 

5210.0 

29 

3960.0 

27 

2600.0 

30 

23*0.0 

31 

2090.0 

31 

1890 

.0 

25 

1130.0 

28 

192* 

20900.0 

27 

11800.0 

29 

6710.0 

32 

*590.0 

32 

4150.0 

2S 

3030.0 

27 

3070.0 

22 

2800.0 

1? 

2690 

.0 

10 

1660.0 

12 

1925 

4720.0 

42 

3290.0 

42 

2970.0 

40 

2200.0 

40 

1590.0 

40 

1110.0 

40 

926.0 

40 

873.0 

40 

737 

,0 

40 

555.0 

39 

1926 

1*500.0 

33 

10000.0 

31 

81*0.0 

26 

6020.0 

23 

4470.0 

22 

3320.0 

23 

2630.0 

29 

2260.0 

28 

2190 

.0 

18 

1910.0 

6 

1927 

22900.0 

23 

1*700.0 

24 

8550.0 

2* 

5760.0 

25 

4920.0 

17 

3S90.0 

19 

3610.0 

13 

3210.0 

14 

2600 

.0 

13 

1770.0 

10 

1928 

28*00.0 

17 

12100.0 

28 

7210.0 

29 

5*70.0 

27 

3680.0 

31 

2530.0 

32 

2690.0 

27 

23*0.0 

26 

2070 

.0 

23 

1440.0 

16 

1929 

46600.0 

4 

21700.0 

12 

11100.0 

16 

7160.0 

14 

4510.0 

20 

3860.0 

18 

3530.0 

14 

3260.0 

12 

3270, 

.0 

s 

18S0.0 

7 

1930 

28500.0 

16 

26500.0 

5 

20800.0 

1 

12600.0 

3 

77*0.0 

* 

*990.0 

6 

4170.0 

6 

3*50.0 

10 

2520. 

.0 

1* 

1380.0 

18 

1931 

6080.0 

*1 

4020.0 

*1 

2700.0 

42 

21*0.0 

*1 

1*80.0 

*l 

1080.0 

41 

8S7.0 

41 

753.  0 

»2 

61* 

.0 

*1 

397.0 

41 

1932 

21400.0 

26 

8680.0 

34 

6930.0 

30 

55*0 . 0 

26 

3960.0 

26 

3120.0 

26 

2*70.0 

30 

2310.0 

27 

1780. 

.0 

27 

11*0.0 

26 

1933 

34500.0 

10 

22100.0 

9 

13*00.0 

10 

7990.0 

11 

5710.0 

12 

52*0.0 

* 

4390.0 

3 

39*0.0 

3 

3*80 

.0 

2 

2070.0 

2 

193* 

7090.0 

40 

4380.0 

40 

2760.0 

41 

1710.0 

42 

1350.0 

43 

993.0 

4? 

7S5.0 

43 

755.0 

41 

607 

.0 

42 

396.0 

42 

1935 

12600.0 

35 

67B0.0 

3? 

5060.0 

36 

3530.0 

37 

2190.0 

39 

1420.0 

39 

1180.0 

39 

1010.0 

39 

814 

iO 

39 

465.0 

40 

1936 

11200.0 

37 

9*50.0 

33 

5660.0 

3* 

3810.0 

35 

2590.0 

36 

2*90.0 

3S 

2050.0 

36 

1680.0 

36 

1290, 

.0 

37 

78S.0 

37 

1937 

•1800.0 

5 

25*00.0 

7 

18500.0 

2 

1S700.0 

1 

9810.0 

1 

6030.0 

2 

*370.0 

* 

3660.0 

S 

2790 

,0 

9 

1810.0 

9 

1938 

20600.0 

28 

15200.0 

22 

9860.0 

22 

6320.0 

20 

6170.0 

9 

454  0.0 

11 

3S10.0 

IS 

3170.0 

15 

2660. 

,0 

11 

1820.0 

3 

1939 

27300.0 

19 

17100.0 

19 

10100.0 

20 

6030.0 

22 

3900.0 

28 

3*80.0 

21 

3200.0 

19 

2630.0 

19 

2110 

.0 

20 

1290.0 

22 

19*0 

25200.0 

22 

18000.0 

15 

10500.0 

18 

5970.0 

24 

3580.0 

32 

2280.0 

36 

2110.0 

35 

1820.0 

3S 

1390. 

,0 

35 

773.0 

38 

19*1 

2500.0 

44 

1710.0 

44 

1290.0 

44 

1020.0 

44 

671.0 

4* 

452.0 

4* 

381.0 

44 

363.0 

44 

372. 

•  0 

44 

271.0 

44 

19*2 

17800.0 

31 

11300.0 

30 

6710.0 

31 

4920.0 

31 

2970.0 

34 

2500.0 

33 

2260.0 

33 

19*0.0 

33 

1550, 

.0 

32 

1010.0 

29 

19*3 

30600.0 

11 

21800.0 

11 

16200.0 

3 

8770.0 

7 

4960.0 

16 

3170.0 

25 

2930.0 

23 

2*90.0 

22 

2090, 

.0 

21 

1310.0 

20 

19** 

21700.0 

25 

laooo.o 

16 

12000.0 

12 

68*0.0 

17 

4*90.0 

21 

3390.0 

22 

2680.0 

28 

2190.0 

30 

1520, 

,0 

33 

840.0 

34 

19*S 

27400.0 

18 

16400.0 

20 

10200.0 

19 

62*0.0 

21 

5060.0 

15 

41*0.0 

15 

3220.0 

17 

3060.0 

16 

2300, 

,0 

17 

1290.0 

21 

19*6 

l**00.0 

34 

7720.0 

35 

5010.0 

38 

3380.0 

38 

2650.0 

35 

2SOO.0 

34 

2290.0 

32 

2010.0 

32 

1760. 

,0 

28 

1130.0 

27 

19*7 

29900.0 

13 

19000.0 

13 

11300.0 

IS 

7010.0 

15 

5600.0 

13 

4930.0 

9 

39*0.0 

a 

3260.0 

13 

2650, 

,0 

12 

1600.0 

13 

19*8 

26700.0 

20 

13600.0 

26 

8800.0 

23 

6570.0 

19 

5900.0 

11 

3950.0 

17 

3390.0 

16 

2750.0 

18 

2090, 

,0 

22 

1190.0 

23 

19*9 

49000.0 

3 

31000.0 

2 

15700.0 

6 

9640.0 

s 

8710.0 

3 

5960.0 

3 

4980.0 

2 

4270.0 

2 

3300, 

,0 

* 

1950.0 

* 

1950 

78700.0 

a 

26100.0 

6 

15900.0 

s 

13800.0 

2 

9650.0 

2 

7830.0 

1 

6080.0 

l 

5300.0 

1 

3980. 

,0 

1 

2360.0 

1 

1951 

29*00.0 

14 

17200.0 

18 

9970.0 

21 

7*60.0 

13 

4800. 0 

18 

4200.0 

1* 

3790.0 

u 

3660.0 

6 

3310. 

,0 

3 

1950.0 

5 

1952 

40800.0 

6 

27300.0 

* 

14500.0 

8 

9680.0 

4 

5950.0 

10 

4350.0 

13 

3770.0 

12 

3*70.0 

9 

2820. 

,0 

8 

1560.0 

1* 

1953 

9240.0 

38 

6550.0 

39 

5020.0 

37 

3610.0 

36 

2260.0 

37 

1600.0 

37 

1700.0 

37 

1520.0 

37 

1390, 

,0 

36 

827.0 

35 

195* 

33*0.0 

»3 

2930.0 

43 

2020.0 

43 

1680.0 

43 

1*00.0 

42 

993.0 

*3 

800.0 

42 

700.0 

*3 

568, 

,0 

43 

354.0 

43 

1955 

8480.0 

39 

6720.0 

38 

5320.0 

35 

4370.0 

33 

3*00.0 

33 

2550.0 

31 

2130.0 

34 

1870.0 

3* 

1450, 

,0 

3* 

879.0 

33 

1956 

22600.0 

34 

1*800.0 

23 

7950.0 

27 

5130.0 

30 

3820.0 

29 

3250.0 

2* 

2790.0 

24 

2*50.0 

2* 

2120. 

,0 

19 

1410.0 

17 

1957 

29600.0 

15 

17800.0 

17 

11400.0 

1* 

6810.0 

18 

4230.0 

24 

3490.0 

20 

3090.0 

21 

2590.0 

20 

2060. 

,0 

2* 

1170.0 

24 

1958 

25900.0 

21 

15200.0 

21 

12700.0 

11 

7S10.0 

12 

5100.0 

1* 

4990.0 

5 

4110.0 

7 

3690.0 

* 

28*0. 

.0 

7 

2010.0 

3 

1959 

55000.0 

1 

33*00.0 

1 

16100. 0 

* 

8700.0 

a 

7400.0 

s 

4970.0 

7 

3850.0 

10 

3280.0 

11 

2500, 

,0 

16 

1480.0 

15 

1960 

15700.0 

32 

749U.J 

36 

4900.0 

39 

3090.0 

39 

2190.0 

38 

15*0.0 

38 

1370.0 

38 

1230.0 

38 

12*0, 

,0 

38 

805.0 

36 

1961 

303OO.0 

12 

18800.0 

1* 

10700.0 

17 

8270.0 

10 

6230.0 

a 

45BO.0 

10 

4200.0 

S 

3510.0 

7 

2510, 

,0 

IS 

1370.0 

19 

1962 

18200.0 

30 

13500.0 

27 

7400.0 

28 

5340.0 

28 

4*30.0 

23 

3000.0 

28 

2750.0 

25 

2340.0 

25 

1860, 

.0 

26 

1140.0 

25 

1963 

52000.0 

2 

30700.0 

3 

15100.0 

7 

9140.0 

6 

63*0.0 

7 

4110.0 

16 

3130.0 

20 

24B0.0 

23 

1760, 

,0 

29 

1000.0 

30 

1964 

35400.0 

9 

22000.0 

10 

11900.0 

13 

6680.0 

16 

4720.0 

19 

4420.0 

12 

3200.0 

18 

2500. 0 

21 

1740. 

.0 

30 

937.0 

31 

1965 

12000.0 

36 

9850.0 

32 

6030.0 

33 

3960.0 

3* 

3740.0 

30 

2850.0 

29 

2700.0 

26 

2240.0 

29 

1640, 

,0 

31 

932.0 

32 

Appendix  B-1  (cont.). 
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0.257*C-01    O.^M  7F-01  0.*««9yE»01  0.1W2E-02  0.1332F-02  0.157«.E*02  0.1<.62E*02  0.953PE-01  0.7<J06t»01    0.*.SS3t*01  0.2830E-01  0.287bE.*0| 


STATISTICS    ON    NORMAL    ANNUAL    MFANSfALl    DAYS)  . 

MEAN  VARIANCE  SUNDAY)    Oi-VlATION  SKfcwNESS  COFFF.    OF    VARIATION  SERIAL    CORP 

0.12S2E-0-  0.27?«iE»Ofc  0.5220F..03  -0.18S4R-UI  O.Mb*E»00  0.2616E-00 


STATISTICS    ON   LOG    monthly    mf.anS<ALL    OaySI 

OCT  NOV  OEC  JAN  FEfl  MARCH  APRIL  MAY  JUNE  JULT  AUG  SEPT 

BY    ROWSIMEAN. VARIANCE. STANOARn    OEVIATION.  SKFWNFSS*    COFFF.    OF    VAK I A T ION. PERCENTAGE    OF     AVERAGE    FLOW) 

0.2*29F*0t    0.261HE-01    0.2»?2F»01    0.307<.f.01    0.31h9F.01  0.32Q5F»0l    0.3263E-01    0.3OSf>E-0l    0.293VE-01    0.2710E-01  0.2*9S£*01  0.2«.b2E-Ol 

0.I167F.O0    0.1fee7F.00    0.19S3F-00    0.2€-S9E»0(1    0.160t>£.0n  0.H-.47F-O1     O.84O7F-01     0.9O5F-01     0  .  I  1 9HE -00    0.10*.»E»00  0.8716E-01  0.  1  lb3E*00 

0.3M6F*00     O.M07F*00    0.fc*-19E*00    Q.5157F.Q0    0.AO08F-00  0.290<>F.OO    0.29Q0E*00    0.307?£.00     Q.3«.61E-00    0.3230E-00  0.2952E-QQ  0.3396E-00 

O.Q02<.F-00    0.5136E .00-0.16S5E»00    0  .M28F-02-0.  1  0?<S£  -0 1  -0 .  7&26E  *00-0.  7023E  •00-0 . 1  7  j*£.00    0.1872E»0O    Q.2H91E.0O  0.1376E-01  0.1076E-O1 

0.1*07F»00    0.1569F-00    0.1S66E-00    Q.1A77F-00    0.126SF-00  O.HB21E-01     0.8887E-Q1     0.10OSE»OO    0.1178E»0O    0.1192E-00  0.1183E-00  0.1379E-00 

0.7074F.Q1    i.7(,26F*01    0 ,t*2? IF*Q  1    O.hQ5*.£*01    0.9230E*0l  n.9SR7E»01    0.9b03E»01    0.89Q1E*Q1    0.85MF-01     C.7*93E-01  n. 72G9E.fi:  0.7171E-01 


STATISTICS    ON    LOG    ANNUAL    MfANMALL    DAYS) 


MEft* 

VAHI4NCE 

3050t-01 

o.so?9e-oi 

INM»1   PEAKS 

Hit 

40100 

1917 

29300 

1918 

17100 

1919 

35700 

1920 

45700 

1924 

25500 

1925 

9250 

1929 

21E00 

192? 

29200 

1929 

29400 

1929 

99200 

1930 

30700 

1931 

II 900 

1932 

24700 

1933 

39900 

1934 

13200 

1935 

19200 

1936 

17000 

1937 

52200 

5TAN0AP0    OfVIATION  SKEWNFSS  COEFF.    Of    VARIATION  SERIAL    CORR 

0.22<.3E»00  -0.1Q3*>E«0]  0.7353E-01  0.2273E*00 


1939 

23400 

1939 

30400 

1940 

39100 

1941 

3030 

1942 

20400 

1943 

52000 

1944 

2G900 

1945 

39900 

I94S 

21100 

1947 

39500 

I94S 

37800 

1949 

51200 

1950 

45200 

1951 

33EO0 

1952 

51200 

1953 

13500 

1954 

4980 

1955 

12100 

1959 

35000 

1957 

35300 

1958 

29600 

1959 

81900 

1980 

20400 

1991 

42000 

1952 

26500 

1983 

64500 

1964 

48000 

1965 

22600 

1986 

13900 

1997 

23400 

1968 

57900 

1969 

31400 

1970 

37900 

1971 

29000 

1972 

17600 

1973 

17500 

Appendix  B-1  (cont.). 
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QJEAT  MIAMI   RIVE!  BASIN 

03276000  East  Fork  Whitewater  River  at  Brookville,   Ind. 

LOCATION. --Lat  19'IVOZ".   long  8S*00'12",   in  NFiNE'i  sec. 20,  T.9  N. ,  R.2  a. ,   Franklin  County,  on   right  ban*  100  ft    (30  a)  upstreaa 
fron  bridge  on  State  Higrawy  101.  at  Brookville,  0.4  nule     0.5  km)  doteutrean  from  Brookville  Lake,   and  1.8  ailes   (2.9  a* 
upstreaa  iron  south. 

DKAJNACE  AREA.--390  au1    (93A  ka1). 

l©*AMS.--Flo**  regulated  by  Brookville  Lake  since  January  1974. 


0URATI0N    TABLE    Of    0AILT    OISCBASGC    FOR    y£A«    ENOING    S£PTC»e€8    30 


1      <       S      6      7      8      1    10    11     12    13    l»    15    16    IT    It    19    20    21    22    23    2a    2S   26    27    21    24    30    31    32    3]    3* 


TEAR 
1955 

1956 
1957 
1958 
1959 

1960 

1961 
IH2 
1963 
I960 
196S 


nu»«E»  of  oars  in  class 

9  1}   7  30  36  30  13  20  15  25  23  20  25  1»  16  21  13   5   3   7   2 

23  10  20  11  12  26  36  *0  20  15  16  27  22  20  17 

S  19  30  a2  12  2k  19  20  32  36  2a  22  20  1]  7  11 

2  19  10  a  7  13  27  a2  ao  30  39  23  25  16 

1  12  la  12  22  17  20  35  35  20  23  26  30  16  25  20  la 

3   9  It  17  20  22  37   6  3a  56  37  32  2a  17  10  a   6 

1  26  ar  a6  20  2a  16  It  22  19  17  10  12  12  16  10 

1  26  30  27  27  22  26  33  36  2a  16  22  20  10 

21  11  19  56  62  31  10  22  23   9  19  6  10  9  U  13 

t   6  a«  77  30  20  30  16  10  IS  19   6  10  6  15  7  6   7 

2  11  20  3a  30  39  29  16  15  27  l]  6  11  la  la  21  la  6 


2   2   2   2 


13  11 

11 

3 

1 

3 

2 

2 

1 

6   a 

s 

2 

a 

2 

2 

1   1 

1   1 

la  11 

13 

5 

7 

2 

3 

5 

Z   3 

2   1 

la  5 

6 

a 

1 

1 

1 

2 

8   2 

1 

1 

1 

1 

6   9 

7 

8 

S 

a 

1 

2 

1 

2 

9  a 

a 

3 

2 

2 

3 

2 

1 

1 

7  3 

a 

1 

a 

1 

2 

1 

1 

6   } 

5 

2 

3 

1 

2 

1 

1 

2 

10  10 

5 

2 

5 

1 

1 

1 

2 

Cfs.Oars 
atajo.o 

lS386t.O 
126539.0 
230031.0 

173615.0 
79233.0 

lasoaS.O 
131374.0 
113236.0 

1027t2.0 
106055.0 


CLASS      CfS      TOTAL    ACCU*  »€»CT 


o    o.oo 

0 

aolt 

100.0 

1     17.06 

19 

aOlt 

100.0 

2     21.00 

ao 

3944 

99.5 

3     26.00 

113 

3959 

98.5 

•     32.00 

250 

36*6 

95.7 

5    a«.00 

236 

3596 

14.5 

6    a9.00 

3a0 

3360 

83.6 

7     61.01 

261 

3020 

T5.2 

i     TS.OO 

230 

2TS2 

66.5 

CfS 

TOTAL 

ACCUK 

Of.  OCT 

CLASS 

CfS 

TOTAL 

ACCUH 

•£»CT 

CLASS 

CfS 

TOTAL 

ACCU"  RERCT 

93.00 

IT9 

2522 

62.6 

18 

630.0 

121 

503 

12. S 

2T 

a200 

11 

3*    .< 

110.00 

269 

23*3 

St. 3 

19 

770.  0 

41 

362 

9.3 

29 

5200 

6 

23     .5 

lao.oo 

311 

207a 

51.6 

20 

960.0 

69 

29* 

T.l 

24 

6*00 

7 

17     .» 

160.00 

2at 

1756 

*3.T 

21 

1200.0 

62 

215 

5.* 

30 

8000 

S 

10     .2 

220.00 

25a 

1506 

37.5 

22 

1500.0 

33 

153 

3.6 

31 

9900 

3 

5     .1 

2TO.0O 

19* 

125* 

31.2 

23 

1800.0 

35 

120 

3.0 

32 

12000 

2    .0 

330.00 

220 

1066 

26.* 

2* 

2200.0 

16 

95 

2.1 

33 

15000 

1 

2     .0 

alO.OO 

176 

0*0 

20.9 

25 

2800.0 

16 

69 

1.7 

3* 

19000 

1 

1     .0 

510.00 

161 

66* 

16.5 

26 

3*00.0 

17 

51 

1.3 

LOUCST    WAN    OISCHARGE,     IN   CfS.    ANO   RANKING.    'OR    THE    fOLLOKIN*   KUN8FO    Of    CONSECUTIVE    DATS    IN    TEAS    ENOING    »ARCH    31 


TEAR 

1 

3 

7 

1* 

16 

60 

40 

120 

163 

ANNUAL 

1955 

20.00 

3 

20.30 

3 

21.30 

3 

21.60 

2 

22.80 

1 

32.20 

3 

36.30 

3 

•  0.60 

] 

•  6.00 

3 

206.00 

1 

1956 

19.00 

2 

14.00 

2 

19, ao 

2 

21.70 

3 

31.  ao 

a 

66.00 

6 

102.00 

10 

119.00 

10 

1*6.00 

9 

367.00 

a 

1957 

30.00 

6 

30.70 

6 

31.10 

6 

32.00 

6 

36.00 

6 

38.20 

5 

*2.90 

5 

•  5.80 

5 

66.80 

5 

237.00 

3 

1956 

36.00 

a 

38.  TO 

a 

ao.oo 

9 

*2.70 

8 

*9.ao 

a 

6S.00 

a 

70.30 

7 

85.70 

7 

206.00 

10 

a5*. 00 

9 

1459 

92.00 

n 

96.00 

n 

loa.oo 

11 

111.00 

11 

117.00 

n 

137.00 

n 

163.00 

11 

175.00 

11 

38*. 00 

11 

792.00 

11 

1460 

31.00 

T 

31.70 

7 

33.60 

7 

36.10 

7 

*2.30 

7 

56.20 

7 

62.20 

6 

67.50 

6 

97. ao 

6 

2*5.00 

5 

1961 

25.00 

a 

25.30 

a 

26.30 

S 

24.10 

5 

3*. 10 

5 

35.60 

a 

*0.*0 

* 

*3.*0 

* 

51.20 

* 

239.00 

• 

1962 

A4.00 

10 

•  9.30 

9 

a4.70 

9 

52.90 

9 

65.50 

10 

76.10 

10 

61.60 

9 

102.00 

9 

lal.00 

8 

50*. 00 

10 

1963 

•  7.00 

9 

SO. 00 

10 

S5.ae 

10 

50.  ao 

10 

61.60 

9 

75.10 

9 

7*.  60 

8 

98,60 

9 

96.60 

7 

299.00 

6 

196* 

26.00 

5 

26.00 

5 

26.00 

a 

26.30 

* 

26.70 

3 

29.20 

2 

32.10 

2 

32.90 

2 

39.90 

1 

229.00 

2 

1965 

17.00 

1 

17.70 

1 

18.60 

1 

20.80 

1 

2*.  SO 

2 

25.  SO 

1 

27.86 

1 

31.30 

1 

•6.50 

2 

313.00 

7 

HIGHEST    MEAN    DISCHARGE.     IN   CfS.    ANO    RANKING.    TOR    THE    FOLLOWING   NUH6ER    Of    CONSECUTIVE    OATS    IN    TEAR    ENDING    SERTEM6ER    30 


TEAR 
1955 

1956 
1957 
1956 
1959 
1960 

1961 
1962 
1963 
196* 
1965 


6900.0 
8920.0 
8390. 0 
21600.0 
3*90.0 

99*0.0 
6560.0 
16*00.0 
9820.0 

-280.0 


*700.0 
S660.0 
5310.0 
11300.0 
2200.0 

5650.0 

*7*0.0 
9810.0 
5910.0 
3370.0 


2a70.0 

3560.0 
•JOO.O 
5*10.0 
1720.0 

30*0.0 
2500.0 
a760.0 
3580.0 
2010.0 


'-   MS 

11  1200.0    10 

8  1610.0 

5  2080.0 
3  2560. 0 

1  2990.0 
10  1050.0 

6  2300.0 

7  1780.0 

2  2630.0 
a  21*0.0 

9  1320.0 


30 
990.0    10 

1190.0 
1260.0 
1650.0 
26*0.0 
689.0 


1780.0 

1*50.0 
1920.0 

1*80,0 
1230.0 


Tas.O  10 

1010.0 

1050.0 
1590.0 
1720.0 
a72.0  1 

1300.0 

971.0 
1300.0 
1320.0 

973.0 


858.0 
909.0 
1300.0 
1300.0 
aOt.O 

1190.0 
870.0 
987.0 
961.0 
883.0 


120 

511. 3 

7a3.0 

753.0 
1170.0 
1110.0 

361.0 

1020.0 
7ao.O 
762.0 
757.0 
735.0 


183 

ANNUAL 

395.0  10 

2a2.0 

6a7.0   * 

•20.0 

606.0   5 

3*7.0 

893.0   1 

630.0 

a28.0   2 

a76.0 

33a.0  11 

216.0 

731.0   3 

397.0 

586.0   6 

360.0 

S51.0   7 

310.0 

526.0   9 

281.0 

530. 0   6 

293.0 

Appendix  B-2  (10). 
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r4=.r    fO«    ■-[TF.*TEB    ar    *>S00"  V  ILL^  .     t  no  (Cont  |  fluid  ) 
STflTTiTIC^    ON    '.O'J-'al    '•Uhf'-L'    -FA.CULL    OA»M 


t,f    jft<c  imc  aN,i/a-[o\C»  .^TiN.-.A^.i  ncviaTlQ-*.    s*?«nESs.    Co£FF,    OF    v»"t  AT  IOn,perc£nT«,G£    OF  AVERAGE    rL0«) 

0.7013F-02  H.17*7P-fl1  «.2?71F.|)3  1.37SSf..m  ^  .Sq^se-  *0 1    ".7^H*.t«01  fi.77ME.n3  O.wQliF.Q]  0.3713E-03  0.2*3<»t-03    0.1-22E-03  0.8Q3&E-02 

n.20**>r-0*  O.'3hi-.OS  ■'.»u?(.;.mS  0.19""c-T>  ft.?im**0*    },?2'>^*'ib  n.lolOF.Q*  0.'»307E-QS  0.170*E«06  0.<S057£.0S    0.679<.£.oS  0  .2«.89E-0<. 

D.*S79*.02  0.271b*-C3  *»  -  *?^»  Tf -ii3  u.-fcO^'fll  1.— «<*F-03    r.  .<.7?mE.q;j  1.-2S:»E.03  Q.3051£*03  0 .  *- 1  J*-£  -03  0.2*39* -03    0.2607£.03  0.-98*E*02 

(l.  i2Qcc.d  |  o.303-3f.-0l  l.£77jp.r,  i  0.210^  .oi  ft,«*oj27fr  •Wi    ',.711-f -00  1.3071F.O0  0. 10  lOE-Ol  0.2<-2  7£  .01  0.2<J52£»0  t     0.32*6£-01  0.7588E»00 

O.-hS^F-OO  O.lStSF-Ol  0.1Jt*.f»OI  1. ll63F.lt  0,7S29£.0i    0.5<*2>£*00  O.S-slE-00  O.MO'SC-uO  Q.11Q7E-01  0.116*E*01     0.U33E-O1  0.6209£.O0 

0.1M1*-QI  O.oOlS**".  O.S217fOl  O.H6*S*.oi  fl.l370f.02    O.i*3<.£-02  Q.l7R*E.o2  0.1124E-02  0.8S76E-Q1  0.560-E.01     0.3267E-01  O.iB-ftE-Ol 


STATISTICS   On   n0-**«l    annual    "*ansiall   OatSi 

"£<•*  vahUnCF  STANOAt-0    DEVIATION  S*E*NE5S  COFFf.    OP    VABIATION  SERIAL    COBO 

.3612E-A3  O.I34*€*OS  ft.ll*l£*03  0.1155F-0I  0.32ISBE-00  0.-6*6E-01 


STATISTICS    ON    LOG    "OnThlt    "FA^MLL    QAt$i 


3T    oOa^Cf  4N.VANlANCE.5T»N0A«n  DEVIATION.  S<FiN£S5,    COEFF,    OF     VA«*  I  AT  ION.PgBCENT  AGE    OF  AVERAGE    FLOWI 

0.17*.«COI  0.1'W<.£.ftl  0,21V*£-01  0.2JS>**F.OI  i.P63<*F.01  9.2*2?F*0I    1.2«2lF-0l    G.2->2l£*0l  0.2«.09E-01  0.223SE-01  O.lflBlE-Ol  0.182-E-Ql 

0.73*.(>F-rtI  1.177><-.ft0  n.  !»-?*.£.  00  0.1ft22ff*rt'?  0  .  I'afriF-OO  0.«"a**F-01     0.72<*9F-oi     O.feSflnF-Ol  Q.1337E-00  O.ll*<3£*00  0.156SE-O0  0.8087E-01 

0.270S*.01  0. -21AF.fi  1.fc?70F*U0  0. -027F.no  n,l<iS3r.OO  C.?<»27E*00    1.2692E-10    0.256S£.OO  0.3t>56£-00  0.3388F.OO  0.3956E.OO  0.28**-£*00 

0.?»«;*.f.00  rt.l3%6€.0|  O.*»f73£-00  0,  h*H3«  •fiP-0.t*.«'*F.00-O.-'.'Sf -00-0.3668F.  00    0.J7J9F.00  0.922<.£*00  0.111*£*0l  0  .  2392E  .0  I -0  .  -  I  1  3E-0  1 

O.l*530e'*00  0.211fcr.»Qft  1.1*«7E-0Q  o.  !**(•*  *P0  ;i .  |  »"»<>.*. Oft  0.1037*. Oft    n.QSfcSE-ftl    Q.97a^E-01  0.1518E-00  0 .  lSl*-t  -00  Q.21O3E-Q0  O.ISS^E-OO 

O.t-l^-Ol  0.72*1*. ftl  I).7Tn5r"01  0.  aA7fcC  -01  0.?5^2E'01  O.IQ25F-02    1.102*6-02    0.95l*E-01  0.37«.5£.0l  0.81?*E*0t  0.682SE-01  0.6623E-01 


STATISTICS    ON    LOG    ANNUAL.    M**NM*U.    Oa\yS> 


COEFF.     OF    VA3IATI0N  SERIAL    COBB 

0.527*£-0l  -0.<.336E-Q1 


-E4-I 

VA914I 

«CF 

5TA*J0fta0    OEV1ATION 

S«E»N£SS 

J53t£-ll 

0. 17925-01 

0.1339E 

-00 

o."-i3*.e  -on 

1KKUII   PEARS 

1954 

9S00 

1964 

10900 

195S 

5140 

1909 

7340 

1956 

14100 

1966 

1400 

1957 

10800 

1967 

14000 

1958 

12000 

1966 

31 600 

mi 

16100 

1969 

10500 

1 960 

5170 

1970 

I04OO 

1961 

14700 

197! 

9890 

1952 

8940 

1972 

SOOO 

1963 

21000 

1973 

5200 

Appendix  B-2  (cont.). 
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(MAT  MIAMI    HIVEK   BASIN 

03Z7S0O0  •.'ruinator  Kiver  near  Alpine,  Ind. 

LOCAIICK.--Lst   la'ja'lj",   long  8S-09'27",   in  SWiSE^  sec. 14,  T.13  N. ,  P..12  E. ,  Fayette  County,   on  n»nt  bank  500  ft   (1S2  a)  to«i- 
itreaa  fron  lucnwy  bridge,   3. 4  nule   (0.6  la)  dowrutrean  fron  Wilson  Creek,   1.6  ailes   (2.6  kn)   rwrtneaat  at  Alpine,  and  4.7 
■ales   (7.6  ka)  upstrean  fron  Bear  Creek. 

DRAINAGE  AREA.--S29  ai>    (1,270  ka1). 


OuSaTION    TARLE   OF   Oaltr   CISCwa*GE   'Orf    ▼£»»>    ENDING   SEPTE«WE9    Jo 


1      2      3      «      5      6      7      a      9    10    11    12    1 j    14    15    16    IT    II    19   JO    21    22   23    2-    25   26   27    2a   29   30    31    32    33    1- 


TEAi 
1-29 
1931 

W31 
1432 
1433 
l»3* 

1435 

l43» 

W37 
1438 
W39 
1440 

144  1 
1442 
1443 

1445 

1444 
1947 
144« 
1949 
1450 

IfSl 

1952 
1453 
I -Si 
1455 

1*54 
1457 
l45a 
1955 
1460 

11*1 
1462 
1463 
19fcfe 
1 4*5 

1166 
1*67 
1-6. 
1469 
1470 

1971 
147^ 


NUHPE*  Of    OATS  IN  CLASS 

i  so:;  3»  ia  ?*  i»  17  21  26  n  2a  20  11  a  10 

20  39  33  33  13  la  21  23  1*  27  19  19  35  1 1  1 1  .  1  6 

1  a  12  30  74  59  38  27  28  27  11,  1»  11   »•   3   2  2  11 
2   7  37  25  21  34  la  10  17  33  36  26  24  20  13   6  a  6  2  6 

27  |«  36  IS  24  27  19  13  36  31  29  27  11  16  9 

15  31  29  1«  19  25  72  31  26  34  25  12  6   5   J   5   1  2  2  2  1 

22  99  5.  20  21  37  I.  20  l»  1»  1 1  10  10   9   2   2  »  1  7  2 

9  -0  33  20  28  ia  .0  21  22  25  la  13  10  10  26  9  7  6  3 

2  21  19  29  25  76  26  23  32  47  22  13  18  13  9  7 

1  29   6  15  21'  18  3*  38  33  37  2a  18  18  11  23  5 

7  la  »«  24  30  25  32  25  19  17  35  28  11  16  7  8  2 

15  35  30  ia  59   9  26  12  18  24  18  14  12   8   9  3  4  4  2 

2  6  ??  SO  57  55  81  .5  l«  10   4  5  3   2   1   3   1 

1  I   1   I  16  *1  17   »7  4*  27  1.0  32  2S  15  13   9  4  5  5  5 

9  33  27  13  29  26  32  »7  48  22  la  12   9  10  6  a  « 

10  1»  3«  9.  71   a  u     n  12  12  12  21  11  12  7  *  4  2 
5  5.  52  17  22   a  27  11  ?0  19  13  31  17  15  12  8  6  7  5 

1  It  I*   9  16  Jl  3*  34  48  42  29  25  19  22  14  a  7  6 

2  19  17  26  7  1»  33  27  36  36  24  27  19  15  14  11  11  7 
I  7  21  26  21  99  27  22  25  9  20  13  15  11  10  5  9  4 
•   2  11  31  13  19  15  27  40  26  18  37  27  30  IS  5  12  9 

I   1  !•  17  36  15  15  29  38  31  30  20  33  23  6  la  9 

13  10   7  21  15  21  ?4  32  27  2?  26  12  25  30  17  23  7 

20  43  -2  is  22  15  13  l»  21  17  2«  26  25  2»  II  10  5 

16  15  58  23  19  3*  19  14  "7  37  21  18  11   a  6  1  3  5 

11  bOlOa  30  39  21  41  15  10  U  9  a  a  «  4  4 

2  a  tl   60  16  42  iv  15  39  38  16  13  13  2"  14  10  16  a  6 

25   »  27   a  20  43  39  41  23  18  21  31  19  IS  a  7  3 

39  26  »1  ia  22  3.  j|  3?  ia  16  14  20  14  9  3  2  3 

»  17   a  10   a  21  55  46  31  39  26  22  16  12  13  a 

4  19  26  IN  20  27  36  36  13  22  31  31  25  21  10  11  7 

3  35  50  31  19  24  59  5*  31  14  15   8   6  S  *  I 

13  59  49  10  14  21  18  23  24  17  [7  IS   9   9  13  7  10  7 

30  39  48  2a  30  3a  37  24  23  16  18  8  5  6  4 

2  22   9  2*114  33  37  |6  15  15  20   5  "**,   7   9  8  4  S  4 
14  67  68  32  30  20  15  17  IS  •  13  11  !•   5   4  5  4  4  4 

19  43  46  S3  10  35  24  17  10  21  22  15   8   9  9  1  1 3  1 

3  24  25  20106  22  34  3?  21  22  15  12   9   6   3  3  3  2 

20  36  30   a  24   a  26  2a  33  20  17  2a  16  16  13  16  5 

41  16   2  10  37  43  30  35  28  30  21  21  16  6  9  5 

3  33  16  15  17  SO  56  41  35  24  la  14  10  10  6 

31  15  20  64  43  42  20   9  30  31  25  6  4  ]  5 


33  49  SO  44  39  30  35  18  17  11   7 

29  77  12  33  20   9  4a  38  26  19  16 

12  33  12  12  27  40  44  31  42 


7      8      2      2 

9       3      8      2 

24    10    16    10 


1 

. 

1 

1 

2 

3 

1 

2 

3 

1 

6 

3 

2 

1 

1 

1 
1 

5 

3 

3 

1 

1 

i 

2 

1 

1 

2 

1 

1 

2 

1 

3 

1 
1 

1 
1 

1 

3 

3 

2 

1 

3 

2 

3 

3 

1 

3 

2 

1 

2 

3 

1 

3 

2 

1 

1 

1 

1 

2 

1 

crs  oats 
264.79.0 
212765.0 

60960.0 
157060.0 
327J56.0 
6S007.0 
75931.0 

169225.  II 
312980.0 
312121.0 
198250.0 
US725.0 

42523.0 
162094.0 
195678.0 
148691.0 
192095.0 

187640.0 
239978.0 
211368.0 
307695.0 
365162.0 

323M2.0 
254858.0 

1:3*21.: 

64464.0 
122243.0 

209374.0 
17079S.0 
316112.0 
249181.0 
116490.  0 

240901. J 
190086.0 
1SS9OS.0 
160699.0 
146768.0 

85136.0 
261616.0 
2427JJ.U 
270079.0 
194916.0 

14.-13.0 
IS.aaS.O 
313302.0 


Class  crs  total  accu*  pppc7    CL4S5  crs   7dtal  accun  pepct    class  cfs   total  accun  pe&ct 


30.0 
37.0 
45.0 
55.0 
6".0 
83.0 

100.0 

130.0 


18 
72 
233 
587 
939 
1103 
1702 
642 


16436  100.0 

16436  100.0 

16418  99.9 

16346  99. S 

16113  98.0 

15526  94. S 
14587 
13484 
11782 


88. a 
82.0 
71.7 


12 
13 


150.00   1228  10940   66.6 


190.00 
230.00 
280.00 
350.00 
.30.00 
S20.00 
640.00 
780.00 


1043 
1084 
1294 

1042 
662 
945 
769 
430 


9712 
8669 
7S8S 
6291 
5199 
4317 
3372 
2603 


S9.1 
S2.7 

46.1 


26.3 

20. S 
15.6 


19 
20 
21 
22 
23 

?4 

25 

26 


960.0 
1200.0 
1400.0 
1800.0 
2200.0 
2700.0 
3300.0 
4000.0 
4900.0 


525   1973   12.0 


284 
351 
149 
135 
124 
101 


1.48 
1164 
813.- 


355 
254 
175 


3.7 
2.4 
2.2 

1.5 


31 
32 

33 

3* 


7400 
9100 
11000 
1.000 
17000 
20000 
25000 


OTAL  ACCU4  PtNCT 
-1  126  .7 
39  "7  .5 
I!  "8     .2 

13     26     .1 


Appendix  B-3  (10). 
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■«[TC**teb   aivtB   n£«o  *l°I*»€.    1*0.    (Cantmuid) 

LOWEST    *f»N  DISCHARGE*     I*  C'S.     *»*0    0***lHG.    ^0°  Th£    FOLLOWING  NU-SfO  OF    CONSECljT  I  Vt    Oi'S     l*    rgifa    ENOING."*OC*    31 

Yt»w  1  3  T  |*  30                           60  90  1?0  lit  3  innuai. 

1930  IS. 00    30  88.30  30  93.30    30  95.70    29  10?. 00    39  12*. 30  31  IS8.00    33  198,00  35  *59.00    *3  907.00  •.[ 

1931  5*. 00  12  57. TO  11  59.10  11  01.90  11  65. *0  U  7?.  20  §  7*. 30  T  75.00  ^  77,60  4  1*3.00  Z 
193?  34.00  3  37,00  2  *1.00  J  51.10  4  63.10  5  79.00  1*  117.00  2*  126. OP  2*  130.00  U  *08.00  L7 
1*3J  59.00  IS  61.30  15  63.90  15  68.90  14  90.60  14  100.00  25  166.00  3*  196.00  3*  23*.  00  32  139,00  28 
1*3*  P5.0Q  31  05.70  ?t>  89.70  29  102.00  32  109.00  31  136.00  35  16*. 00  33  159.30  30  175.00  23  506.00  2* 
1*35  30.00       1  32.70       1  33.10       1  *O.*0       I  45.20       1  47,80  I  *8.50       1  *8.60  1  51.70       1  88.20  1 

193*  *7.00       7  59.30  1*  65. *0     16  66.60     1*  7?. 70     1*  99. *0  2*  119.00    25  1*5.00  27  188.00    25  *77.00  22 

1*37  *9.00     10  52.30  9  55.00       9  57.10       7  66.10     12  75.60  11  81.80     12  98.30  14  217,00    28  421.00  39 

19J.H  97,00    3S  10*. 00  35  105.00    3*  122.00    34  1*9.00    *0  19*. 00  *l  214.00    »0  224.00  39  31*. 00    37  658.00  30 

1939  9*. 00    33  110.00  37  111.00    37  11*. 00    3*  120.00    3*  133.00  33  215.00    -1  211.00  38  263.00    35  662.00  3? 

1**0  7],00    23  78.00  23  81.10    22  81.70    ?0  82,60    19  91,20  18  96. *0    16  96, *0  13  133.00    17  *Q6.00  16 

MM  *8.00       8  *9.70  6  51.90      5  SS.OP      6  57.00      *  5  7.60  2  61. SO      2  67.10  3  81.80      5  2**.  00  3 

14k?  33.00      2  38.00  3  39.90      2  *3.50      ?  6*. 80      A  73.70  9  81.20    10  105.00  16  117.00     12  336.00  9 

19*1  80.00    27  81.30  25  62.90    25  8*. 60    23  86.00    22  9«. *0  22  13*. 00    28  162.00  31  166.00    2*  *59.00  20 

19**  70.00    21  75.70  21  81. *0    23  95.60    25  88. *0    2*  10*. 00  26  102.00    19  107.00  19  118.00    II  39*. 00  15 

19*5  *6.00       5  *9.70  7  62.70     13  63.40     13  64.70       7  66.10  5  67. *0       *  69.60  *  70. SO       2  4*6.00  19 

19*t>  110.00    30  111.00  3d  115.00    38  118.00    37  134.00    38  169.00  38  213.00    39  349.00  *1  3*0.00    38  470.00  33 

19*7  62.00     17  69.30  19  71,60     19  73. *0     19  77.10     1?  87.30  15  93.70     15  106.00  17  156.00    21  364.00  12 

1**8  .".00    39  138.00  *1  1*0.00    *1  1*6.00    *l  165.00    *l  169.00  39  l7*.0O    35  187.00  33  262.00    3*  777.00  35 

19*9  65.00     19  7*, 00  20  78.70    20  81.90    21  85.60    20  93.10  19  10*, 00    20  135.00  2b  218.00    29  939.00  --? 

HSfl  7*. 00    2*  100.00  33  110.00    35  116.00    35  131.00    36  182.00  *0  195.00    38  200.00  36  225.00    30  "83.00  -o 

1951  1*5.00    *?  1*6.00  *?  153.00    *?  156.00    4?  21S.00    42  291.00  44  378.00    44  383.00  *4  *3*.O0    *2  9*2.00  *3 

1952  70.00    ??.  82.00  26  88.00    2?  89.10    ?7  92,20    27  99.40  23  104,00    21  124.00  21  225.00    31  773.00  3* 

1953  76.00    26  76.30  24  61.90    24  83.60    22  8S.60    21  89,30  17  92.30    14  9b. 40  12  127.00    13  3**. 00  10 

1954  SA.OO  13  58.00  12  60.30  12  62.60  12  65.10  9  67.70  6  70.70  6  71.90  5  81.90  6  250.00  * 
1*55  *6.00      6  *6.70  5  *8.10      *  49. SO      3  53.60      2  71.20  7  75. *0      8  78.70  •  92.70      »  328.00  * 

1*56  *2.00      *  -3.70  *  54. *0       7  59.90      9  68.50    13  87.60  16  131.00    27  15  7.00  28  206.00    27  508.00  25 

1957  68.00    20  4ft. 00  18  70.00     1H  71.90     17  73.10     16  77.20  12  61.20     11  «7.?0  11  103.00     10  280.00  5 

1*50  93.00    3?  9*. 00  31  95.70    31  98.60    30  113.00    33  131.00  32  135.00    29  158.00  29  379.00    *0  4*6.00  29 

1*59  210.00    **  215.00  4*  227.00    44  240.00    4*  243.00    **>  290.00  *3  351.00    *3  363.00  *3  617.00    **  in90.00  <.* 

1960  75.00    2S  77.00  22  80.70    21  85. 00    24  92.10    2*  106.00  28  113.00    23  124.00  22  150.00    20  380.00  14 

1961  62. UO  1"  42.00  16  63.70  14  67.60  IS  72.90  15  78.50  13  62.10  13  82.60  10  87.20  7  365.00  13 
196?  127.00  *0  110.00  40  136.00  *0  137.00  *0  147.00  39  165.00  37  191.00  37  203.00  37  261.00  33  769.00  37 
1963  100.00  16  101.00  34  103.00  33  104.00  33  109.00  32  115.00  29  126.00  26  125.00  23  145.00  19  *33.00  18 
196*  .  *9.00  9  51.30  8  52. *0  4  53.20  S  S*.*0  3  58.50  3  62.00  3  62.30  2  73.00  3  306.00  7 
1965  58.00    14  5*. 00  13  58.70    10  60.60    10  63.30      6  65.90  4  69,40      S  74,10  6  93. SO      9  471.00  21 

1*66  61.00    16  63.30  17  65. 7Q    17  T2.70    18  86.10    21  105.00  27  111.00    22  116.00  20  128.00    1*  3*6.00  11 

1967  53.00    11  53.70  10  54. 60      8  57.60      8  65.10    10  74.90  10  78. SO      9  81.20  9  133.00    16  513.00  26 

196-  «*. 00    28  86.70  29  "8.90    28  89.60    2«  91.10    25  95.50  20  100. 09    17  107,00  la  190.00    26  568.00  27 

1969  12d.OO    *l  129.00  39  129.00    39  131.00    39  133.00    37  152.00  36  190.00    36  311.00  4Q  -17. qo    .,  779.00  36 

1470  1*3.00    *3  183.00  *3  193.00    *3  207.00    *3  217.00    43  222.00  42  235.00    42  353.00  *2  366.00    39  6S9.00  31 

1971  10*. 00    37  109.00  36  110.00    34  117,00    36  129.00    35  13*. 00  3*  1*1.00    30  1*3.00  26  16S.00    22  502.00  23 

W72  85.00    29  B5.30  27  87.00    26  89.00    26  93.90    28  97.20  21  101.00    18  103.00  15  130.00    15  297.00  6 

W73  96.00    3*  96.70  3?  98.00    32  99.10    31  105.00    30  122.00  30  156.00    31  171.00  32  298.00    36  796. uO  38 


"•IG^EST  6E4N  OISCM.OGE. 

16 

CrS<  «ND  WANKING.  F04  1 

•M€ 

FOLLOWING  NU 

4»E=  or  CONSECUTIVE  0«TS 

IN  TE*W 

E40ING  5EPTE-4EB 

30 

tjai* 

1 

3 

7 

15 

30 

60 

90 

120 

193 

INNUAI. 

W29 

14*00.0 

6 

7910.0 

15 

6070. 0 

?3 

2790.0 

?2 

1960.0 

20 

1440.0 

22 

1310.0 

14 

1210.0 

16 

1230. 0 

I 

725.0 

10 

1930 

10900.0 

20 

9".SO.O 

10 

7620.0 

2 

5030.0 

3 

3200.0 

4 

2070.0 

4 

1 730.0 

7 

1420.0 

11 

1040.0 

15 

583.0 

17 

1431 

2280.0 

.,- 

1660.0 

6] 

1000.0 

66 

751.0 

M 

513.0 

64 

396.0 

44 

310.0 

64 

280.0 

64 

241.0 

4. 

167,0 

64 

193? 

4560.0 

37 

36*0.0 

34 

2920. S 

32 

2330.0 

27 

1600.0 

30 

,260.0 

24 

10OO.0 

32 

968.0 

32 

470.0 

34 

429.0 

30 

1*33 

13X00.0 

11 

9520.0 

9 

6240.0 

9 

3660.0 

10 

2530.0 

11 

2200.0 

5 

1660.0 

5 

1630.0 

4 

1480.0 

3 

897.0 

2 

1434 

2640.0 

42 

165  0.0 

42 

U50.0 

42 

7sl.O 

43 

556.0 

43 

439.0 

43 

333.0 

43 

325.0 

43 

271.0 

-3 

176.0 

-3 

1"3S 

1*70.0 

39 

2660.0 

36 

2170.0 

36 

1630.0 

37 

1020.0 

39 

677.0 

39 

560.0 

40 

472,0 

40 

360.0 

-1 

206.0 

-1 

1434 

7200.0 

32 

6730.0 

*4 

»300.0 

19 

2600.0 

24 

1850.0 

23 

1630.0 

17 

1330.0 

17 

1070.0 

21 

797.0 

27 

462.0 

27 

1937 

171.00.0 

6 

11800.0 

5 

l>6*0.Q 

1 

7260.0 

1 

6620.0 

1 

246  0.1 

7 

2160.0 

2 

1820.0 

2 

1360.0 

5 

857.0 

4 

H> 

10300.0 

?? 

7090.0 

20 

6360. 0 

19 

3150.0 

17 

2930.0 

6 

2110.1. 

7 

1610.0 

11 

1490.0 

9 

1220.0 

4 

455. 0 

7 

1439 

10S00.0 

21 

6610.0 

rf 

4060.0 

24 

2640.0 

2) 

1700.0 

27 

16.    i 

'3 

1320.0 

18 

1120.0 

19 

679.0 

20 

563.0 

20 

I960 

7640.0 

30 

5650.0 

2« 

3690.0 

29 

2110.0 

32 

1310.0 

35 

80. 

■14 

798.0 

36 

706.0 

36 

567.0 

3' 

316.0 

39 

\i-t 

416.0 

65 

755.0 

.5 

565.0 

45 

613.0 

•  5 

273.0 

45 

186.0 

4* 

156.0 

45 

149.0 

•  5 

167.0 

45 

117.0 

.4 

1447 

8680.0 

27 

4430.0 

32 

2940.0 

30 

2190.0 

30 

1350.0 

34 

11H0.0 

33 

1050.0 

31 

875.0 

31 

677.0 

32 

6A...0 

29 

I4.3 

12300.0 

13 

7670.0 

16 

5730.0 

12 

3200.0 

15 

1660.0 

26 

1200.0 

31 

1200.0 

26 

1020.0 

26 

BS2.0 

23 

536.0 

21 

1*4.  fa 

9540.0 

?3 

857U.0 

11 

5650.0 

13 

3260.0 

14 

2120.0 

19 

1610.0 

1» 

1260.0 

22 

1040.0 

26 

723.0 

30 

607.0 

33 

1-o.S 

11000.0 

17 

7070.0 

21 

3S30.0 

27 

2230.0 

29 

1850.0 

24 

1660.0 

21 

1170.0 

24 

1190.0 

17 

894  ,  0 

14 

526.0 

23 

1  .-~ 

5210.0 

3". 

2fc30.0 

39 

2010.0 

39 

1400.0 

3s 

1110.0 

36 

1020.0 

35 

966.0 

33 

650.0 

33 

770.0 

2» 

514.0 

25 

l»'( 

17200.0 

16 

•220.0 

16 

5250.0 

14 

3170.0 

16 

2660.0 

13 

2010.0 

10 

1600.0 

12 

1320.0 

12 
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9v    -os  imp  an.-vaPUnCE  .SVtNDtoO    OEVUTTON.  SKE«NFS5.    COEFF,    QP    viBUI  [  ON-PUBCENT  iG£    OF  AVERAGE    FLOwt 

0.1564F-03  9.31  i ''F*0?    0.<»816E«03  O.HA9-<>r->03    0.*-W60F»03  0.9831E-03    0.9*1*F«13  0.690fc£*03    O.*»933£«03  0.3251E-03    0.2002E-03  0.1618E-03 

3.1*30E»OS  0.1232F-06    0.20$7F.«06  0.1099£.OT    0„3*6oE*06  Q.3*92E.Qft    0.3222E-06  0.2*83E»06    0.19*6E-06  0.9718E-05    0.4913E-05  0.168SE-0S 

0.1196r*03  0„3510F_.fl3    3  ,^-b  3^£  <  03  0  .  l  O^e  <■<-,<.    O.S888F-03  0.5909E*03    0.5676E«03  0.«.983e<>03    0  .->*  1  2€  -  0  3  0o3U7£.03    0.2217E-03  0.1298E-03 

0.222*^-01  0.2172E-01    0.1l4HE«Ol  0.2050E-01    0."278£-00  O.S8UE-00    O.Se05e-»00  0.15*fc£«Ol    0.2*»75£«01  0.2S23E-01    0.4261E-01  0.269fc£*0l 
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STATISTICS    ON    NORMAL    ANNUAL    «?»NS.ALL    OATS) 

»£an  VARIANCE  STANflARO    DEVIATION  S«EWN£S5  COEFF.    OF    VA0IATION  SERIAL    COBR 

,33t-*e*')l  0.S093E-1.5  0.22S7E*03  0.9AO3E-01  0.4192E-00  0.319SE-00 
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9T    MOa^fMEANeVAPIANCE'STANOAflO    HEvIATTONo  SKE«N£SS*    COEFF,    OF    VAflIArtON.P£RCENTAGE    OF  AVERAGE    FL0«> 
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Low  Flow  Stream  Characteristics. 
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